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^^I^TELEDYNE 

COMPONENTS 


TC807 


2-1/2 DIGIT ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

■ Drives 2-1/2 Digit LED Displays 

■ Internal Voltage Reference.150 ppm/X Max 

■ Low Supply Current.2 mA Max 

■ Ratiometric Measurements 

■ Auto-Zero Cycle Eliminates External Trimmers 

■ Dynamic Range.±200 Counts 

■ Multiple Package Options 
— Low-Cost 40-Pin Package 

— 44-Pin Plastic Flat Package 

— 44-Pin PLCC Package 


GENERAL DESCRIPTION 

The TC807 is a 2-1/2 digit analog-to-digital converter 
(ADC) designed to drive standard 7-segment LED displays 
without external drive electronics. 

This 0.5% resolution converter is ideal for low-cost 
pressure, temperature, pH or flow-rate Indicators. 

The TC807 features differential inputs and references 
for ratiometric readings. An auto-zero cycle eliminates ex¬ 
ternal offset adjustment potentiometers. 

This dual-slope converter automatically rejects 50-, 
60- and 400-Hz line frequency Interference signals. Polar¬ 
ity information Is displayed, giving the device a ±200 count 
dynamic range. 

Overall system cost is reduced by incorporating a low- 
temperature coefficient voltage reference on-chip. 


0.1 mF 



Figure 1. Typical Operating Circuit 
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ANALOG-TO-DIGITAL CONVERTER 


TC807 


PIN CONFIGURATIONS 
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2-1/2 DIGIT 

ANALOG-TO-DIGITAL CONVERTER 


1 


TC807 


ORDERING INFORMATION 

Part No. 

Package 

Temperature Range 

TC807CPL 

40-Pin Plastic DIP 

O^C to +70°C 

TC807CKW 

44-Pin Plastic Flat 

0°C to +70°C 

TC807CLW 

44-Pin PLCC 

0®C to -i-70'’C 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

V+.+6V 

V-.-9V 

Analog Input Voltage (Either Input) (Note 1).V+ to V” 

Reference Input Voltage (Either Input).V+ to V" 

Clock Input.GND to V+ 

Power Dissipation (Note 2).800 mW 

Operating Temperature Range.0°C to +70°C 


Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 60 Sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
effect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C, fcLK = 48 kHz, unless otherwise noted. 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Zero Input Reading 

V,N = 0V 

Full Scale = 200 mV 

-0 

±0 

+0 

Digital 

Reading 

Ratiometric Reading 

V|N = Vref 

Vref = 100 mV 

99 

99/100 

100 

Digital 

Reading 

Roll-Over Error (Difference in 

Reading for Equal Positive and 

Negative Reading Near Full Scale) 

-ViN = +V|N = 200 mV 

-1 

±0.2 

-1-1 

Counts 

Linearity (Max Deviation from 

Best Straight Line Fit) 

Full Scale = 200 mV 
or Full Scale = 2V 

-1 

±0.2 

±1 

Counts 

Common-Mode Rejection 

Ratio (Note 3) 

VCM = ±1V.V,N = 0V 

Full Scale = 200 mV 

— 

50 

— 

pV/V 

Noise (Peak-Peak Value Not 

Exceeded 95% of Time) 

V|N = OV, Full Scale = 200 mV 

— 

15 

— 

pV 

Leakage Current at Input 

> 

o 

II 

2 

> 

— 

1 

25 

pA 

Zero Reading Drift 

> 

O 

II 

2 

> 

— 

0.2 

5 

pV/X 

Supply Current (Does Not Include 

LED Current) 

< 

2 

II 

O 

< 

— 

0.8 

2 

mA 

Internal Voltage Reference 
(Analog Common Potential 
with Respect to Positive Supply) 

25 kW Between Common 
and Positive Supply 

2.7 

3.05 

3.35 

V 

Temperature Coefficient of 

Analog Common (With Respect 
to Positive Supply) 

25 kW Between Common 
and Positive Supply 

O'-C < Ta < 70°C 


20 

150 

ppm/°C 

Segment Sinking Current (Except Pin 19) 

\/* = 5V, Segment Voltage = 3V 


8 

— 

mA 

Segment Sinking Current, Pin 19 

V+ = 5V, Segment Voltage = 3V 

8 

16 

— 

mA 


NOTES: 1. Input voltages may exceed supply voltages, provided input current is limited to ±100 pA. 

2. Dissipation rating assumes device is mounted with all leads soldered to PC board. 

3. Refer to "Differential Input" discussion. 
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PIN DESCRIPTION 

40-Pin DIP 
Pin Number 

Name 

Description 

1 

v+ 

Positive supply voltage. 

2 

NC 

No connection. 

3 

NC 

No connection. 

4 

NC 

No connection. 

5 

NC 

No connection. 

6 

NC 

No connection. 

7 

NC 

No connection. 

8 

NC 

No connection. 

9 

Di 

Activates the D section of the units display. 

10 

Ci 

Activates the C section of the units display. 

11 

Bi 

Activates the B section of the units display. 

12 

Ai 

Activates the A section of the units display. 

13 

Fi 

Activates the F section of the units display. 

14 

Ei 

Activates the E section of the units display. 

15 

D2 

Activates the D section of the tens display. 

16 

B2 

Activates the B section of the tens display. 

17 

F2 

Activates the F section of the tens display. 

18 

E2 

Activates the E section of the tens display. 

19 

ABa 

Activates both halves of the “1" in the hundreds display. 

20 

POL 

Activates the negative polarity display. 

21 

GND 

Digital ground. 

22 

G 2 

Activates the G section of the tens display. 

23 

A 2 

Activates the A section of the tens display. 

24 

C 2 

Activates the C section of the tens display. 

25 

Gi 

Activates the G section of the ones display. 

26 

V- 

Negative power supply voltage. 

27 

V,nt 

Integrator output. Connection point for integration capacitor. See "Integrating Capacitor" for additional 
details. 

28 

Vbuff 

Integration resistor connection. Use a 47 kn resistor for 200 mV full-scale range and a 470 kD. resistor 
for 2V full-scale range. 

29 

Caz 

The size of the auto-zero capacitor influences the system noise. Use a 0.47 pF capacitor for 200 mV 
full scale, and a 0.47 pF capacitor for 2V full scale. See "Auto-Zero Capacitor" for more details. 

30 

ViN- 

The analog low input is connected to this pin. 

31 

Vin" 

The analog high input is connected to this pin. 

32 

COMMON 

This pin is primarily used to set the analog common-mode voltage for battery operation or in systems 
where the input signal is referenced to the power supply. See "Analog Common" for more details. It 
also acts as a reference voltage source. 

33 

Cref“ 

See pin 34. 

34 

Cref'^ 

A 0.1 pF capacitor Is used in most applications. If a large common-mode voltage exists (for example 
the Vin" pin is not at analog common), and a 200 mV scale is used, a 1 pF capacitor is recommended 
and will hold the roll-over error to 0.5 count. 

35 

Vref“ 

See pin 36. 

36 

Vref" 

The analog input required to generate a full-scale output (199 counts). Place 100 mV between pins 

35 and 36 for 200 mV full scale. Place IV between pins 35 and 36 for 2V full scale. See "Reference 
Voltage." 
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PIN DESCRIPTION (Cont.) 

40-Pin DIP 
Pin Number 

Name 

Description 

37 

TEST 

Lamp test. When pulled high (to V+), ail segments will be turned on and the display should read 
"-188". It may also be used as a negative supply for externally-generated decimal points. See "Test" 
for additional information. 

38 

OSC3 

See pin 40. 

39 

OSC2 

See pin 40. 

40 

OSC1 

Pins 40, 39, and 38 make up the oscillator section. For a 48 kHz clock (three readings per second), 
connect pin 40 to the junction of a 100 kti resistor and a 100 pF capacitor.The 100 kQ resistor is held 
to pin 39 and the 100 pF capacitor is tied to pin 38. 


ANALOG SECTION 

Figure 2 is a block diagram of the TC807. Each 
measurement cycle is divided into three phases: (1) auto¬ 
zero (A-Z), (2) signal integration (SI), and (3) reference 
integration (Rl). The conversion rate is set by the clock 
oscillator frequency and is independent of the analog Input 
amplitude. 


Auto-Zero Cycle 

During the auto-zero cycle, the differential input signal Is 
disconnected from the circuit by opening Internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero-input condition. Additional ana¬ 
log gates close a feedback loop around the Integrator and 
comparator. This loop permits comparator offset voltage 
error compensation. The voltage level established on Caz 
compensates for device offset voltages. The offset error 
referred to the input is less than 10 pV. 

The auto-zero cycle length Is 4000 to 12,000 clock 
cycles. 


Signal-Integrate Cycle 

The auto-zero loop Is opened, the internal short re¬ 
moved, and the internal differential inputs connect to Vin'^ 
and Vin". The differential input signal is integrated for a fixed 
time period. The signal integration period is 4000 cycles. 
The integration time period is: 


^ X 1000, 
fosc 


where fosc = external clock frequency. 


The differential Input voltage must be within the device's 
common-mode range (IV of either supply) when the con¬ 
verter and measured system share the same power supply 
common (ground). If the converter and measured system do 
not share the same power supply common, Vin" should be 
tied to analog common. 


Polarity is determined at the end of the signal integrate 
phase. The sign bit is a true polarity indication, in that signals 
less than 1 LSB are correctly determined. This allows 
precision null detection limited only by device noise and 
auto-zero residual offsets. 

Reference-Integrate Cycle 

The final phase is reference Integrate or deintegrate. 
Vin“ is Internally connected to analog common and is 
connected across the previously charged reference capaci¬ 
tor. Circuitry within the chip ensures the capacitor will be 
connected with the correct polarity to cause the Integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal, and is 
between 0 and 8000 clock cycles. The digital reading 
displayed Is: 


Vref ' 

DIGITAL SECTION 

The TC807 contains ail the segment drivers necessary 
to directly drive a 2-1/2 digit LED display. The segment is 
typically 8 mA. The 10O's output (pin 19) sinks current from 
two LED segments, and has a 16-mA drive capability. The 
TC807 is designed to drive common anode LED displays. 
(See Figure 2.) 

The polarity indication is "ON" for negative analog 
inputs. If Vin" and Vin'*' are reversed, this Indication can be 
reversed also, if desired. 

The display font is shown in Figure 3. 

System Timing 

The oscillator frequency is ^4 prior to clocking the In¬ 
ternal decade counters. The three-phase measurement 
cycle takes a total of 16,000 clock pulses. 
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Figure 2. Block Diagram 
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Each phase of the measurement cycle has the following 
length: 

(1) Auto-Zero Phase: 4000 to 12,000 clock pulses — 
For signals less than full-scale, the auto-zero phase 
Is assigned the unused reference integrate time 
period. 


(2) Signal Integrate: 4000 clock pulses — This time 
period is fixed. The integration period is: 

1 


tsi = 4000 


fosc 


where fosc is the externally set clock frequency. 


(3) Reference Integrate: 0 to 8000 clock pulses. 


Component Value Selection 

Auto-Zero Capacitor (Caz) 

The Caz size has some influence on system noise. A 
0.47 pF capacitor is recommended for 200 mV full scale. A 
0.047 pF capacitor is adequate for 2V full-scale applications. 
A Mylar-type dielectric capacitor is adequate. 


Reference Voltage Capacitor (Cref) 

The reference voltage used to ramp the integrator 
output voltage back to zero during the reference Integrate 
cycle is stored on Cref- A 0.1 pF capacitor is acceptable 
when V|N~ is tied to analog common. If a large common¬ 
mode voltage exists ( Vref" ^ analog common) and the 
application requires a 200-mV full scale, increase Cref to 
1 pF. Roll-over error will be held to less than 0.5 count. A 
Mylar-type dielectric capacitor Is adequate. 


Integrating Capacitor (Cint) 

C|NT should be selected to maximize integrator output 
voltage swing without causing output saturation. Analog 
common will normally supply the differential voltage refer¬ 
ence. For this case, a ±2V full-scale Integrator output swing 
is satisfactory. For 3 readings/second (fosc = 48 kHz), a 
0.22 pF value is suggested. If a different oscillator frequency 
is used, Cint niust be changed in inverse proportion to 
maintain the nominal ±2V integrator swing. 

An exact expression for Cint is: 


Cint = 


(4000) 




Vint 


DISPLAY FONT 

-10O’s -p 10’s -p- 1’s — 1 

0ie3H56183 

-/ 8 8 



Figure 3. Display Font and Segment Assignment 


Integrating Resistor (Rint) 

The input buffer amplifier and integrator are designed 
with Class A output stag*es. The output stage idling current Is 
100 pA. The integrator and buffer can supply 20 pA drive 
currents with negligible linearity errors. Rint is chosen to re¬ 
main in the output stage linear drive region but not so large 
that printed circuit board leakage currents induce errors. For 
a 200 mV full scale, Rint is 47 kQ. A 2V full scale requires 
470 kn. 


Component 

Nominal Full-Scale Voltage 

Value 

200 mV 

2V 

Caz 

0.47 pF 

0.047 pF 

Rint 

47 kQ 

470 kQ 

Cint 

0.22 pF 

0.22 pF 


NOTE: fosc = 48 kHz (3 readings/second) 


Oscillator Components 

Rose (pin 40 to pin 38) should be 100 kn. Cose is se- 
lected from the equation: 

0.45 

For fosc of 48 kHz, Cose is 100 pF, nominally. 

Note that fosc is ^4 to generate the TC807 internal 
control clock. 

To achieve maximum rejection of 60 Hz noise pickup, 
the signal integrate period should be a multiple of 60 Hz. 
Oscillator frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 
40 kHz, 33-1/3 kHz, etc., should be selected. For 50 Hz 
rejection, oscillator frequencies of 200 kHz, 100 kHz, 66-2/ 
3 kHz, 50 kHz, 40 kHz, etc., would be suitable. Note that 
40 kHz (2.5 readings/second) will reject both 50 and 60 Hz 
(also 400 and 440 Hz). 

Reference Voltage Selection 


where: fosc = Clock frequency at pin 38 
Vfs = Full-scale input voltage 
Rint= Integrating resistor 
Vint = Desired full-scale integrator output swing. 

Cint must have low dielectric absorption to minimize 
roll-over error. An inexpensive polypropylene capacitor Is 
recommended. 


A full-scale reading (280 counts) requires the input 
signal be twice the reference voltage. 


Required Full-Scale Voltage* 

Vref 

200 mV 

100 mV 

2V 

IV 

*Vfs = 2 Vref 
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In some applications, a scale factor other than unity 
may exist between a transducer output voltage and the 
required digital reading. For example, assume a pressure 
transducer output for 200 Ib/in ^ is 400 mV. Rather than 
dividing the input voltage by two, the reference voltage 
should be set to 200 mV. This permits the transducer input 
to be used directly. 

The differential reference can also be used when a 
digital zero reading is required when V|n is not equal to 
zero. This is common in temperature measuring instru¬ 
mentation. A compensating offset voltage can be applied 
between analog common and Vin“ . The transducer output 
Is connected between Vin'^ and analog common. 

The Internal voltage reference potential available at 
analog common is normally used to supply the converter's 
reference. This potential Is stable whenever the supply 
potential is greater than approximately 7V. In applications 
where an externally-generated reference voltage Is de¬ 
sired, refer to Figure 4. 

DEVICE PIN FUNCTIONAL DESCRIPTION 
Differential Signal Inputs 

ViN^ (Pin 31), ViN" (Pin 30) 

The TC807 is designed with true differential inputs 
and accepts input signals within the input stage common¬ 
mode voltage range (Vcm). The typical range is V"^ -1V to V“ 
+1V. Common-mode voltages are removed from the system 
when the TC807 operates from a floating power source 
(isolated from measured system) and Vin" is connected to 
analog common. 

In systems where common-mode voltages exist, 
the 86 dB common-mode rejection ratio minimizes error. 
Common-mode voltages do, however, affect the integrator 
output level. Integrator output saturation must be prevented. 
A worst-case condition exists If a large positive Vcm exists in 
conjunction with a full-scale negative differential signal. The 
negative signal drives the integrator output positive along 
with Vcm (Figure 5). For such applications, the integrator 
output swing can be reduced below the recommended 2V 
full-scale swing. The integrator output will swing within 0.3V 
of V+ or V“ without increasing linearity errors. 

Differential Reference 

VREF‘*^(Pin 36), VREF“(Pin 39) 

The reference voltage can be generated anywhere 
within the V'*’ to V~ power supply range. 

To prevent roll-over errors being induced by large 
common-mode voltages, Cref should be large compared to 
stray node capacitance. 








Figure 4. External Reference 



Figure 5. Common-Mode Voltage Reduces Available Integrator 
Swing (Vcom ^ Vin) 
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Analog Common 

Analog COMMON (pin 32) is set at a voltage potential 
approximately 3V below V+. The potential is guaranteed to 
be between 2.7V and 3.35V below V+. Analog common Is 
tied internally to an N-channel FET capable of sinking 30 
mA. This FET will hold the common line at 3V should an 
external load attempt to pull the common line toward V'^. 
Analog common source current is limited to 10 pA. 
Therefore, analog common is easily pulled to a more 
negative voltage (i.e., below V'*‘-3V). 

The TC807 connects the internal ViN'^and V|n“ Inputs 
to analog common during the auto-zero cycle. During the 
reference-integrate phase, Vin“ is connected to analog 
common. If V|n“ is not externally connected to analog com¬ 
mon, a common-mode voltage exists. This is rejected by 
the converter's 86-dB common-mode rejection ratio. In 
systems where V|n~ is connected to the power supply 
ground or to a given voltage, analog common should be 
connected to Vin-. 

Analog common serves to set the analog section ref¬ 
erence or common point. The common potential has a 
0.001%/% voltage coefficient and 15^2 output impedance. 

With sufficiently high total supply voltage (V+-V“>7V), 
analog common is a very stable potential with excellent 
temperature stability (typically 20 ppm/°C). This potential 
can be used to generate reference voltage. 

If analog common is connected to power ground, the 
internal reference is disabled. An external reference is 
required when analog common is connected to power 
ground. 

Test 

TEST (pin 37) potential is 5V lessthan V'^. If test is pulled 
high (to V^), all segments plus the minus sign will be acti¬ 
vated. 

The test pin will sink about 10 mA when pulled to V"^. 

POWER SUPPLIES 

The TC807 is designed to work from ±5V supplies. 
However, if a negative supply is not available, it can be 
generated from the clock output with two diodes, two capaci¬ 
tors, and an inexpensive 1C. (See Figure 6.) 

In selected applications, a negative supply is not re¬ 
quired. The conditions to use a single +5V supply are: 

(1) The input signal can be referenced to the center of 
the common-mode range of the converter. 


(2) The signal is less than ±1.5V. 

(3) An external reference is used. 

(4) The TC7660 DC-to-DC converter may also be used 
to generate -5V from +5V (Figure 7). 


Ratiometric Resistance Measurements 

True differential input and differential reference make 
ratiometric readings possible. Typically, in a ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined 
reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current passed through the pair. The voltage 
developed across the unknown is applied to the input and 
the voltage across the known resistor applied to the refer¬ 
ence input. If the unknown equals the standard, the display 
will read 100. The displayed reading can be determined from 
the following expression: 


Displayed reading = 


Runknown 

Rstandard 


X 100. 


Thedisplay will overrange for Runknown ^2 x Rstandard- 



Figure 6. Generating Negative Supply From -fSV 
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Figure 11. TC807 With a 1.25V External Band-Gap Reference Figure 12. TC807 Operated From Single +5V Supply (An External 

(Vin" Tied to Common) Reference Must Be Used in This Application) 













NOTES 



^A^TELEDYNE 

COMPONENTS 


1 


TC811 


3-1/2 DIGIT A/D CONVERTER WITH HOLD AND 
DIFFERENTIAL REFERENCE INPUTS 


FEATURES 


TYPICAL APPLICATIONS 


■ Differential Reference Input 

■ Display Hold Function 

■ Fast Over-Range Recovery, Guaranteed Next 
Reading Accuracy 

■ Low Temperature Drift Internal Reference 

35 ppm/°C (Typ) 

■ Guaranteed Zero Reading With Zero Input 


■ Low Noise.15 ^Vp.p 

■ High Resolution (0.05%) and Wide Dynamic 
Range (72 dB) 

■ High Impedance Differential Input 

■ Low Input Leakage Current.1 pA Typ 

10 pA Max 


■ Direct LCD Drive—No External Components 

■ Precision Null Detection with True Polarity at Zero 

■ Crystal Clock Oscillator 

■ Available in DIP, Compact Flat Package or PLCC 

■ Convenient 9V Battery Operation with 

Low Power Dissipation (600p.A Typical, ImW 
Maximum) 

FUNCTIONAL DIAGRAM 


Thermometry 
Digital Meters 

— Voltage/Current/Power 

— pH Measurement 

— Capacitance/Inductance 

— Fluid Flow Rate/Viscosity 

— Humidity 

— Position 
Panel Meters 
LVDT Indicators 
Portable Instrumentation 
Digital Scales 
Process Monitors 
Gausso meters 
Photometers 



1089-1 (4348) 
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GENERAL DESCRIPTION 

The TC811 is a low power, 3-1/2 digit, LCD display 
analog-to-digital converter. This device incorporates both a 
display hold feature and differential reference Inputs. A 
crystal oscillator, which only requires two pins, permits 
added features while retaining a 40-pin package. An addi¬ 
tional feature is an "Integrator Output Zero" phase which 
guarantees rapid input overrange recovery. 

The TC811 display hold (HLDR) f unction can be used to 
"freeze" the LCD display. The displayed reading will remain 
indefinitely as long as HLDR is held high. Conversions 
continue but the output data display latches are not updated. 
The TC811 also includes a differential reference for easy 
ratiometric measurements. Circuits which use the 
7106/26/36 can easily be upgraded to include the hold 
function with the TC811. 

The TC811 has an improved internal zener reference 
voltage circuit which maintains the Analog Common tem¬ 
perature drift to 35ppm/°C (typical) and 75ppm/°C (maxi¬ 
mum). This represents an improvement of two to four times 
over similar 3-1/2 digit converters, eliminating the need for 
a costly, space consuming external reference source. 

TheTC811 limits linearity error to less than one count on 
both the 200mV and the 2.00V full-scale ranges. Rollover 

ORDERING INFORMATION 


error—the difference in readings for equal magnitude but 
opposite polarity input signals—Is below ±1 count. High 
impedance differential inputs offer IpA leakage currents 
and a lO''^^ input impedance. The 15pVp.p noise perfor¬ 
mance guarantees a “rock solid” reading. The Auto Zero 
cycle guarantees a zero display readout for a zero volt input. 

The single chip CMOS TC811 incorporates all the active 
devices for a 3-1/2 digit analog to digital converter to directly 
drive an LCD display. Onboard oscillator, precision voltage 
reference and display segment and backplane drivers sim¬ 
plify system integration, reduce board space requirements 
and lower total cost. A low cost, high resolution (0.05%) 
Indicating meter requires only a TC811, an LCD display, five 
resistors, six capacitors, a crystal, and a 9V battery. Com¬ 
pact, hand held multimeter designs benefit from the Teledyne 
Semiconductor small footprint package option. 

The TC811 uses a dual slope conversion technique 
which will reject interference signals if the converters Inte¬ 
gration time is set to a multiple of the interference signal 
period. This is especially useful in industrial measurement 
environments where 50, 60 and 400Hz line frequency sig¬ 
nals are present. 


Part No. 

Package 

Temperature Range 

Vref TempCo 

TC811CPL 

40-Pin Plastic 

0° to 70°C 

75 ppm/°C Max 

TC811RCPU 

40-Pln Plastic 

0° to 70^C 

75 ppm/°C Max 

TC811IJL 

40-Pin CerDIP 

-25° to 85°C 

100 ppm/°C Max 

TC811CKW 

44-Pin Flat 

0° to +70°C 

75 ppm/°C Max 

TC811CLW 

44-Pin PLCC 

0° to +70°C 

75 ppm/°C Max 


NOTES: 1. Reversed pin-out 
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PIN CONFIGURATIONS 


{£ + rro 


I 




• 40 I OSC-, 

NORMAL PIN ZZ: ^ 

CONFIGURATION 3^ OSCj 

v+ 


OSC< [1 • MJ HLDR 

• RP\/PDQP PIN - - 

OSC2 □: cONfFgU^TION 39] Di 


^ '^REF 
ANALOG 
COMMON 

Klvi^u 


^Caz 
I®] VaUFF 


I G 2 DI 
I coRt: 


QUbp 

• (BACKPLANE) 


BP 120 I 
(BACKPLANE) L 


rm POL 

* (MINUS SIGN) 


NC = NO INTERNAL CONNECTION 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V+ to V-).15V 

Analog Input voltage (Either Input)'* ...V+ to V- 

Reference Input Voltage.V+ to V~ 

Clock Input.TEST to V+ 

Power Dissipation^ 

CerDIP Package (J).1000 mW 

Plastic Package (P, K).800 mW 

Plastic Leaded Chip Carrier (L).800 mW 


Operating Temperature Range 

Commercial Package (C).0°C to +70°C 

Industrial Package (I).-25°C to +85°C 

Storage Temperature Range.--65°C to +150°C 

Lead Temperature (soldering, 60 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vsuppiy = 9V, fcLOCK= 32.768kHz, and Ta = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

— 

Zero Input Reading 

V,N = 0V 

Vfs = 200mV 

-000.0 

±000.0 

-fOOO.O 

Digital 

Reading 

— 

Zero Reading Drift 

V|N = OV, 0°C < Ta < 70°C 

— 

0.2 

1 

pV/°C 

— . 

Ratiometric Reading 

ViN = Vref, Vref = 10OmV 

999 

999/1000 

1000 

Digital 

Reading 

NL 

Linearity Error 

Vfs = 200mV or 2.000V 

-1 

±0.2 

-Fl 

Counts 

Er 

Roll Over Error 

V|N— = V||vi-f- = 200mV 

-1 

±0.2 

-Fl 

Counts 

©N 

Noise 

V|N = OV, Vfs = 200mV 

— 

15 

— 

M-Vp-p 

II 

Input Leakage Current 

< 

2 

II 

O 

< 

— 

1 

10 

pA 

CMRR 

Common-Mode Rejection 

VcM =±1V, V|N = OV, 

Vfs = 200mV 

— 

50 

— 

pV/V 

TCsf 

Scale Factor Temperature 
Coefficient 

ViN = 199mV, 0°C < Ta < 70°C 
(ext. Vref to = Oppm) 

— 

1 

5 

ppm/°C 

Analog Common Section 

VcTC 

Analog Common 

Temperature Coefficient 

250Knfrom V-f to Analog Common 

0°C < Ta < 70°C 
"C" Commercial 
"1" Industrial 

— 

35 

35 

75 

100 

ppnn/°C 

ppm/°C 

Vc 

Analog Common Voltage 

250KD from V-f to Analog Common 

2.7 

3.05 

3.35 

Volts 

Hold Pin Input Section 


Input Resistance 

Pin 1 to Pin 37 

— 

70 

— 

kQ 

VlL 

Input Low Voltage 

Pin 1 

— 

— 

Test ■fI.5 

V 

ViH 

Input High Voltage 

Pin 1 

V-F -1.5 

— 

— 

V 

LCD Drive Section^ 





VsD 

LCD Segment Drive Voltage 

V-F to V-=9V 

4 

5 

6 

Vp.p 

VsD 

LCD Backplane Drive Voltage 

V+ to V-=9V 

4 

5 

6 

Vp.p 

Power Supply 

Isup 

Power Supply Current 

ViN = 0V, V-F to V-=9V 







tosc = 16kHz 

— 

70 

100 

pA 



tosc = 48kHz 

— 

90 

125 

pA 


NOTES: 1. Input voltages may exceed supply voltages when input current is limited to100p.A. 

2. Dissipation rating assumes device is mounted with all leads soldered to a printed circuit board. 

3. Backplane drive is in phase with the segment drive for "segment off" 180° out of phase for "segment on." Frequency is 20 times the 
conversion rate. Average DC component is less than 50mV. 
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PIN DESCRIPTION 

40-Pin DIP 

44-Pin 

PLCC 

Name 

Function 

1 

2 

HLDR 

Hold pin, logic 1 holds present display reading 

2 

3 

Di 

Activates the D section of the units display 

3 

4 

Ci 

Activates the C section of the units display 

4 

5 

Bi 

Activates the B section of the units display 

5 

6 

Ai 

Activates the A section of the units display 

6 

7 

Fi 

Activates the F section of the units display 

7 

8 

Gi 

Activates the G section of the units display 

8 

9 

Ei 

Activates the E section of the units display 

9 

10 

D2 

Activates the D section of the tens display 

10 

11 

C2 

Activates the C section of the tens display 

11 

13 

B2 

Activates the B section of the tens display 

12 

14 

A2 

Activates the A section of the tens display 

13 

15 

F2 

Activates the F section of the tens display 

14 

16 

E2 

Activates the E section of the tens display 

15 

17 

D3 

Activates the D section of the hundreds display 

16 

18 

B3 

Activates the B section of the hundreds display 

17 

19 

F3 

Activates the F section of the hundreds display 

18 

20 

E3 

Activates the E section of the hundreds display 

19 

21 

AB 4 

Activates both halves of the 1 in the thousands display 

20 

22 

POL 

Activates the negative polarity display 

21 

24 

BP 

Backplane drive output 

22 

25 

G 3 

Activates the G section of the hundreds display 

23 

26 

A 3 

Activates the A section of the hundreds display 

24 

27 

C 3 

Activtes the C section of the hundreds display 

25 

28 

G 2 

Activates the G section of the tens display 

26 

29 

V- 

Negative power supply voltage 

27 

30 

Vint 

Integrator output, connection for Cint 

28 

31 

Vbuff 

Buffer output, connection for Rint 

29 

32 

Caz 

Integrator input, connection for Caz 

30 

33 

V|N- 

Analog input low 

31 

35 

V|N+ 

Analog input high 

32 

36 

COM 

Analog Common: Internal zero reference 

33 

37 

Vref- 

Reference input low 

34 

38 

Cref- 

Negative connection for reference capacitor 

35 

39 

Cref+ 

Positive connection for reference capacitor 

36 

40 

Vref+ 

Reference input high 

37 

41 

TEST 

All LCD segment test when pulled high (V'^) 

38 

42 

V-f- 

Positive power supply voltage 

39 

43 

OSC 2 

Crystal oscillator output 

40 

44 

OSC 1 

Crystal oscillator input 


1-17 







3-1/2 DIGIT A/D CONVERTER WITH HOLD AND 
DIFFERENTIAL REFERENCE INPUTS 


TC811 




FIXED VARIABLE 
SIGNAL REFERENCE 
INTEGRATE INTEGRATE 
TIME TIME 
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Figure 2 Basic Dual Slope Converter 


GENERAL THEORY OF OPERATION 
Dual-Slope Conversion Principles 

The TC811 is a dual slope, integrating analog-to-digital 
converter. An understanding of the dual slope conversion 
technique will aid the user in following the detailed TC811 
theory of operation following this section. A conventional 
dual slope converter measurement cycle has two distinct 
phases: 

1) Input Signal Integration 

2) Reference Voltage Integration (Deintegration) 

Referring to Fig 2, the unknown input signal to be 

converted Is integrated from zero for a fixed time period 
(Tint), measured by counting clock pulses. A constant 
reference voltage of the opposite polarity is then integrated 
until the integrator output voltage returns to zero. The 
reference integration (deintegration) time (Tdeint) is then 
directly proportional to the unknown input voltage (Vin). 

In a simple dual slope converter, a complete conversion 
requires the integrator output to “ramp-up” from zero and 
“ramp-down” back to zero. A simple mathematical equation 
relates the input signal, reference voltage and integration 
time: 


1 

R|NT C|NT 


j 


t|NT 

VlN(t)dt = 

0 


VrEF tpEINT 
R|NT C|nt 


where: 

Vref = Reference voltage 
tiNT = Integration Time 
toEiNT = Deintegration Time 



0.1/T 1/T ion- 

INPUT FREQUENCY 


Figure 3 Normal-Mode Rejection of 
Dual Slope Converter 


For a constant Vint: 


ViN = Vref 


tpEINTT 
. tlNT . 
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Accuracy in a dual slope converter is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit of 
the dual slope technique is noise immunity. Noise spikes are 
integrated or averaged to zero during the integration peri¬ 
ods, making integration ADCs immune to the large conver¬ 
sion errors that plague successive approximation convert¬ 
ers in high noise environments. Interfering signals, with 
frequency components at multiples of the averaging (inte¬ 
grating) period, will be attenuated, (see Fig 3). Integrating 
ADCs commonly operate with the signal integration period 
set to a multiple of the 50/60Hz power line period. 

THEORY OF OPERATION 
Analog Section 

In addition to the basic integrate and deintegrate dual¬ 
slope cycles discussed above, the TC811 design incorpo¬ 
rates an “Integrator Output Zero” cycle and an “Auto Zero” 
cycle. These additional cycles ensure the integrator starts 
at OV (even after a severe over-range conversion) and that 
all offset voltage errors (buffer amplifier, integrator and 
comparator) are removed from the conversion. A true digital 
zero reading is assured without any external adjustments. 

A complete conversion consists of four distinct phases: 

(1) Integrator Output Zero Cycle 

(2) Auto Zero Cycle 

(3) Signal Integrate Cycle 

(4) Reference Deintegrate Cycle 

Integrator Output Zero Cycle 

This phase guarantees that the integrator output is at 
zero volts before the system zero phase is entered, ensuring 
that the true system offset voltages will be compensated for 
even after an over-range conversion. The duration of this 
phase is variable, being a function of the number of counts 
(clock cycles) required for deintegration. 

The Integrator Output Zero cycle will last from 11 to 140 
counts for non-over-range conversions and from 31 to 640 
counts for over-range conversions. 

Auto Zero Cycle 

During the Auto Zero cycle, the differential input signal 
is disconnected from the measurement circuit by opening 
internal analog switches and the internal nodes are shorted 
to Analog Common (OV ref.) to establish a zero input 
condition. Additional analog switches close a feedback loop 
around the integrator and comparator to permit comparator 
offset voltage error compensation. A voltage established on 
Caz then compensates for internal device offset voltages 


INT — 

◄-lOOO-^l 

— 

1^-1-2000-►! 

21 

—^^P|^11-140 


AZ ^ 

1 910-2900 —► 

ILL 106 


^ 4000 ► 

434f 

Figure 4a Conversion Timing During Normal Operation 



INT — 

◄-1000-^j 




U-2001-2090-►! 

DE-INT — 

31-640-►! !<- 


“1 

I 

300-910-^l 

1 

1 =: 
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Figure 4b Conversion Timing During Overrange Operation 


during the measurement cycle. The Auto Zero cycle re¬ 
sidual is typically 10 to 1 SpV. 

The Auto Zero duration is from 910 to 2,900 counts for 
non-over-range conversions and from 300 to 910 counts for 
over-range conversions. 

Signal Integration Cycle 

Upon completion of the Auto Zero cycle, the Auto Zero 
loop is opened and the internal differential inputs connect to 
V|N+ and V|N-. The differential input signal is then integrated 
for a fixed time period which, in the TC811 is 1000 counts 
(4000 clock periods). The externally set clock frequency is 
divided by four before clocking the internal counters. The 
integration time period is; 

T- 4000 

l|NT = -? - 

lose 

The differential input voltage must be within the device 
common-mode range when the converter and measured 
system share the same power supply common (ground). 
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If the converter and measured system do not share the same 
power supply common, as in battery powered applications, 
ViN- should be tied to Analog Common. 

Polarity is determined at the end of signal integration 
phase. The sign bit is a “true polarity” indication in that 
signals less than 1 LSB are correctly determined. This 
allows precision null detection which is limited only by device 
noise and Auto Zero residual offsets. 

Reference Integrate (Deintegrate) Cycle 

The reference capacitor, which was charged during the 
Auto Zero cycle. Is connected to the input of the Integrating 
amplifier. The internal sign logic Insures that the polarity of 
the reference voltage is always connected in the phase 
which is opposite to that of the input voltage. This causes the 
integrator to ramp back to zero at a constant rate which is 
determined by the reference potential. 

The amount of time required (Tdeint) for the integrating 
amplifier to reach zero is directly proportional to the ampli¬ 
tude of the voltage that was put on the integrating capacitor 
(Vint) during the integration cycle: 

_ RintCintVint 

Tde,nt= -- 

The digital reading displayed Is: 

Vinh— V|N— 

Digital Count = 1000 —— 

The oscillator frequency Is divided by 4 prior to clocking 
the internal decade counters. The four phase measurement 
cycle takes a total of 4000 counts or 16000 clock pulses. The 
4000 count cycle is independent of input signal magnitude 
or polarity. 

Each phase of the measurement cycle has the following 
length: 

1) Auto Zero: 300 to 2900 Counts 

2) Signal Integrate: 1000 Counts 

This time period is fixed. The integration period is: 

4000 

Tint= Tc - = 1000 Counts 

tosc 

Where fosc is the crystal oscillator frequency. 

3) Reference Integrate: 0 to 2000 Counts 

4) Integrator Output Zero: 11 to 640 Counts 

The TC811 can replace the ICL7106/26/36 In circuits 
which require both the hold function and a differential 
reference. The TC811 offers a greatly improved internal 
reference temperature coefficient, which can often eliminate 


the need for an external reference. Some minor component 
changes are required to upgrade existing designs, reduce 
power dissipation, and improve the overall performance, 
(see Oscillator Components) 

Digital Section 

The TC811 contains all the segment drivers necessary 
to directly drive a 3-1/2 digit liquid crystal display (LCD). An 
LCD backplane driver is included. The backplane frequency 
is the external clock frequency divided by 800. For three 
conversions/second the backplane frequency is 60Hz with 
a 5V nominal amplitude. When a segment driver is in phase 
with the backplane signal the segment of “bFF’. An out of 
phase segment drive signal causes the segment to be “ON” 
or visible. This AC drive configuration results in negligible 
DC voltage across each LCD segment. This insures long 
LCD display life. The polarity segment driver is “ON” for 
negative analog Inputs. If Vin+ and V|n- are reversed then 
this indicator would reverse. 

TEST Function (TEST) 

On the TC811, when TEST is pulled to a logical “HIGH”, 
all segments are turned “ON”. The display will read “-1888”. 
During this mode the LCD segments have a constant DC 
voltage impressed. Do not leave the display in this mode for 
more than several minutes. LCD displays may be destroyed 
if operated with DC levels for extended periods. 

The display FONT and segment drive assignment are 
shown in Figure 5. 



Figure 5 Display FONT and Segment Assignment 


HOLD Reading Input (HLDR) 

When HLDR is at a logic “HI” the latch will not be 
updated. Conversions will continue fcut will not be updated 
until HLDR is returned to “LOW’. To continuously update the 
display, connect HLDR to ground or leave it open. This input 
is CMOS compatible and has an Internal resistance of 70KQ 
(typical) tied to TEST. 
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COMPONENT VALUE SELECTION 
Auto Zero Capacitor - Caz 

The value of the Auto Zero capacitor (Caz) has some 
influence on system noise. A 0.47|iF capacitor is recom¬ 
mended for 200mV full-scale applications where 1LSB is 
100|iV. A 0.1 OpF capacitor should be used for 2.0V full- 
scale applications. A capacitor with low dielectric absorption 
(Mylar) is required. 

Reference Voltage Capacitor -Cref 

The reference voltage used to ramp the integrator 
output voltage back to zero during the reference integrate 
cycle is stored on Cref- A 0.1 pF capacitor is typical. If the 
application requires a sensitivity of 200mV full-scale, in¬ 
crease Cref to 1 .OpF. Rollover error will be held to less than 
1/2 count. A good quality, low leakage capacitor, such as 
Mylar, should be used. 

Integrating Capacitor - Cint 

CINT should be selected to maximize integrator output 
voltage swing without causing output saturation. Analog 
common will normally supply the differential voltage refer¬ 
ence. For this case a ±2V integrator output swing is 
optimum when the analog input Is near full-scale. For 2 or 
2.5 reading/second (fosc = 32kHz or 40kHz) and Vfs = 
200mV, a .068pF value is suggested. If a different oscillator 
frequency Is used, Cint must be changed in inverse propor¬ 
tion to maintain the nominal ±2V integrator swing. An exact 
expression for Cint is : 

4000 Vfs 
Vint Hint fosc 

where: 

fosc = Clock frequency at Pin 39 

Vps = Full-scale input voltage 

Rint = Integrating resistor 

Vint = Desired full-scale integrator output swing 

Cint must have low dielectric absorption to minimize 
roll-over error. A polypropylene capacitor is recommended. 

Integrating Resistor -Rint 

The input buffer amplifier and integrator are designed 
with class A output stages which have Idling currents of 6pA. 
The integrator and buffer can supply 1 pA drive currents with 
negligible linearity errors. Rint is chosen to remain in the 
output stage linear drive region but not so large that printed 
circuit board leakage currents induce errors. For a 200mV 
full-scale, Rint should be about 180kn. A 2.0V full-scale 
requires abut 1.8Mn. 


Oscillator Components 

The internal oscillator has been designed to operate 
with a quartz crystal, such astheStatekCX-IV series. Such 
crystals are very small and are available In a variety of 
standard frequencies. Note that fosc is divided by four to 
generate the TC811 internal control clock. The backplane 
drive signal is derived by dividing fosc by 800. 

To achieve maximum rejection of ac-line noise pickup, 
a 40kHz crystal should be used. This frequency will yield an 
integration period of 100ms and will reject both 50Hz and 
60Hz noise. For prototyping or cost-sensitive applications a 
32.768kHz watch crystal can be used, and will produce 
about 25dB of line-noise rejection. Other crystal frequen¬ 
cies, from 16kHz to 48kHz, can also be used. 

Pins 39 and 40 make up the oscillator section of the 
TC811. Figures 6a and 6b show some typical conversion 
rate component values. 

The LCD backplane frequency is derived by dividing the 
oscillator frequency by 800. Capacitive loading of the LCD 
may compromise display performance if the oscillator is run 
much over 48KHz. 

Reference Voltage (Vref) 

A full-scale reading (2000 counts) requires the input 
signal be twice the reference voltage. 

In some applications a scale factor other than unity may 
exist, such as between a transducer output voltage and the 
required digital reading. Assume, for example, a pressure 
transducer output is 400mV for 2000lb/in2. Rather than 
dividing the input voltage by two, the reference voltage 
should be set to 200mV. This permits the transducer input 
to be used directly. 
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Oscillator 

1 Full-Scale Voltage (Vps) 

Freq. (kHz) 

1 200mV I 

i 2.0V 

PINT 

CINT 

PINT 

CINT 

32.768 

180k 

0.068pF 

1.8M 

0.068pF 

40 

isok 

0.068pF 

1.5M 

0.068pF 


Figure 6b 


DEVICE PIN FUNCTIONAL DESCRIPTION 

Differential Signal Inputs (V|n+ (Pin 31), 

V,N- (Pin 30)) 

The TC811 is designed with true differential inputs and 
accepts input signals within the input stage common mode 
voltage range (Vcm)- The typical range is V+ - 1.0 to V- -i- 
1.5V. Common-mode voltages are removed from the sys¬ 
tem when the TC811 operates from a battery or floating 
power source (isolated from measured system) and Vin- is 
connected to Analog Common, (see Fig 8) 

In systems where common-mode voltages exist, the 
86dB common-mode rejection ratio minimizes error. Com¬ 
mon-mode voltages do, however, affect the integrator out¬ 
put level. A worse case condition exists if a large positive 
Vcm exists in conjunction with a full-scale negative differen¬ 
tial signal. The negative signal drives the integrator output 
positive along with Vcm (Figure 8). For such applications the 
integrator output swing can be reduced below the recom¬ 
mended 2.0V full-scale swing. The integrator output will 
swing within 0.3V of V-i- or V- without increased linearity 
error. 

Reference (Vref+ (Pin 36), Vref- (Pin 33)) 

Unlike the ICL7116, the TC811 has a differential refer¬ 
ence as well as the “hold” function. The differential refer¬ 


ence inputs permit ratiometric measurements and simplify 
interfacing with sensors such as load cells and temperature 
sensors. TheTC811 is ideally suited to applications in hand¬ 
held multimeters, panel meters, and portable instrumenta¬ 
tion. The reference voltage can be generated anywhere 
within the V+ to V- power supply range. 

To prevent rollover type errors from being Induced by 
large common-mode voltages, Cref should be large com¬ 
pared to stray node capacitance. A 0.1 pF capacitor is a 
typical value. 

The TC811 offers a significantly improved Analog Com¬ 
mon temperature coefficient. This provides a very stable 
voltage suitable for use as a voltage reference. The tem¬ 
perature coefficient of Analog Common is typically 35ppm/ 
°C. 



Figure 8 Common-Mode Voltage Reduces Available 
Integrator Swing. (Vcom ^ Vin) 



Figure 7 Common-Mode Voltage Removed in Battery Operation With V|n- = Analog Common 
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Analog Common (Pin 32) 

The Analog Common pin is set at a voltage potential 
approximately 3.0V below V+. This potential is guaranteed 
to be between 2.70V and 3.35V below V+. Analog common 
is tied internally to an N channel FET capable of sinking 
10OpA. This FET will hold the common line at 3.0V below 
V+ should an external load attempt to pull the common line 
toward V+. Analog common source current is limited to 1 |uA. 
Analog common is therefore easily pulled to a more negative 
voltage (i.e. below V+ - 3.0V). 

The TC811 connects the internal V|n+ and Vin- inputs 
to Analog Common during the Auto Zero cycle. During the 
reference integrate phase Vin- is connected to Analog 
Common. If Vin- is not externally connected to Analog 
Common, a common-mode voltage exists. This is rejected 
by the converter’s 86dB common-mode rejection ratio. In 
battery powered applications, Analog Common and Vin- 
are usually connected, removing common-mode voltage 
concerns. In systems where Vin- is connected to the power 
supply ground orto a given voltage. Analog Common should 
be connected to V|n-. 

The Analog Common pin serves to set the analog 
section reference or common point. The TC811 is specifi¬ 
cally designed to operate from a battery or in any measure¬ 
ment system where input signals are not referenced (float) 
with respect to the TC811 power source. The Analog 
Common potential of V+ -3.0V gives a 7V end of battery life 
voltage. The analog common potential has a voltage 
coefficient of 0.001%/%. 

With a sufficiently high total supply voltage (V+ - V- > 
7.0V), Analog Common is a very stable potential with 
excellent temperature stability (typically 35ppm/°C). This 
potential can be used to generate the TC811 reference 
voltage. An external voltage reference will be unnecessary 
in most cases because of the 35ppm/°C temperature coef¬ 
ficient. See TC811 Internal Voltage Reference discussion. 

TEST (Pin 37) 

The TEST pin potential is 5V less the V+. TEST may be 
used as the negative power supply connection when inter¬ 
facing the TC811 to external CMOS logic. The TEST pin Is 
tied to the internally generated negative logic supply through 
a soon resistor. The TEST pin may be used to sink up to 
1 mA. See the applications section for additional information 
on using TEST as a negative digital logic supply. 

If TEST is pulled “HIGH” (V-f), all segments plus the 
minus sign will be activated. Do not operate in this mode for 
more than several minutes, because when TEST Is pulled to 
V+, the LCD Segments are impressed with a DC voltage 
which may cause damage to the LCD. 


APPUCATIONS INFORMATION 
Decimal Point and Annunciator Drive 

The TEST pin is connected to the internally generated 
digital logic supply ground through a 500i^ resistor. The 
TEST pin may be used as the negative supply for external 
CMOS gate segment drivers. LCD display annunciators for 
decimal points, low battery indication, or function indication 
may be added without adding an additional supply. No more 
than 1 mA should be supplied by the TEST pin. The TEST 
pin potential is approximately 5V below V+. 

Internal Voltage Reference 

The TC811 Analog Common voltage temperature sta¬ 
bility has been significantly improved. This improved device 
can be used to upgrade old systems and design new 
systems without external voltage references. External R 
and C values do not need to be changed, however, noise 
performance will be improved by increasing Caz (See Auto 
Zero Capacitor section). Fig 10 shows Analog Common 
supplying the necessary voltage reference for the TC811. 



4348 ILL F12 

Figure 9 Display Annunciator Drivers 
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Liquid Crystal Display Sources 

Several LCD manufactures supply standard LCD dis¬ 
plays to interface with the TC8113-1/2 digit analog-to-digital 
converter. 


Manufacturer 

Address/Phone 

Representative 
Part Numbers* 

Crystaloid 

Electronics 

5282 Hudson Dr., 
Hudson, OH 44236 
216-655-2429 

C5335, H5535, 
T5135, SX440 

AND 

770 Airport Blvd., 
Burlingame, CA 94010 
415-347-9916 

FE 0801, 
FE 0203 

EPSON 

3415 Kashikawa St., 
Torrence, CA 90505 
212-534-0360 

LD-B709BZ 

LD-H7992AZ 

Hamlin, Inc. 

612 E. Lake St., 

Lake Mills, Wl 53551 
414-648-2361 

3902, 3933, 3903 

‘NOTE: Contact LCD manufacturer for full product listing/specifications. 

Oscillator Crystal Source 


Manufacturer 

Address/Phone 

Representative 
Part Numbers 

STATEK 

512N-Main 

Orange, CA 92668 
714-639-7810 

CX-1V40.0 


Ratiometric Resistance Measurements 

The TC811 true differential Input and differential refer¬ 
ence make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined 
reference voltage is needed. 

The unknown resistance Is put in series with a known 
standard and a current is passed through the pair (Figure 
11). The voltage developed across the unknown is applied 
to the Input and the voltage across the known resistor 
applied to the reference input. If the unknown equals the 
standard, the input voltage will equal the reference voltage 
and the display will read 1000. The displayed reading can 
be determined from the following expression: 

Displayed reading = ^unknown xIOOO 
Rstandard 

The display will overrange for Runknown > 2 X 
Rstandard- 
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Figure 10 TC8111nternal Voltage Reference Connection 



]_ 4348 ILL F14 | 

Figure 11 Low Parts Count Ratio Metric Resistance Measurement 
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COMPONENTS 


TC818 


AUTO-RANGING ANALOG-TO-DIGITAL CONVERTER 
WITH 3-1/2 DIGIT AND BAR-GRAPH DISPLAYS 


FEATURES 

■ 3-1/2 Digit Numeric Plus 40-Segment Bar-Graph 
LCD Drivers 

■ Annunciator Outputs Permit Customizing of LCD 

■ 2-Chip Set, Surface-Mounted 

— 60-Pin Flat Package 

■— 20-Pin Small Outline (SO) 

■ Auto-Range Operation for AC and DC Voltage 
and Resistance Measurements 

■ Two User-Selected AC/DC 

Current Ranges.20 mA and 200 mA 

■ 22 Operating Ranges 

— 9 DC/AC Voltage 

— 4 AC/DC Current 

— 9 Resistance and Low-Power Ohms 


■ Display Hold Function 

■ 3-1/2 Digit Resolution in Auto-Range Mode... 1/2000 

■ Extended Resolution in Manual 


Range Mode.1/3000 

■ Memory Mode for Relative 

Measurements.±5% F.S. 


■ Internal AC-to-DC Conversion Op Amp 

■ Triplex LCD Drive for Decimal Points, Digits, 
Bar-Graphs, and Annunciators 

■ Continuity Detection and Piezoelectric Transducer 


Driver 

■ Low-Drift Internal Reference.75 ppm/°C 

■ 9V Battery Operation.10 mW 


■ Low Battery Detection and LCD Annunciator 



1090-1 
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GENERAL DESCRIPTION 

The TC818 is a 2-chip integrating analog-to-digital con¬ 
verter (ADC) with 3-1/2 digit numeric and 40-segment bar- 
graph LCD drivers, automatic ranging, and single 9V battery 
operation. The TC818 chip set (consisting of the TC818A 
and TC818D), combines the precision of a numeric display 
with the quick recognition of a bar-graph. The numeric 
display is driven by the TC818A, which also includes the 
ADC. The bar-graph display is driven by the TC818D. 

The 40-segment bar-graph display provides "quick- 
look" perception of amplitude. Recognizing trends is also 
easier with a bar-graph, making TC818-based instruments 
valuable in nulling, tuning, calibration, and similar applica¬ 
tions. On the other hand, the numeric display provides 
0.05% resolution and a full set of annunciators that spell out 
the TC818's many operating modes. 

Automatic range selection is provided for both voltage 
(DC and AC) and ohms (high and low power) measure¬ 
ments. Expensive and bulky mechanical range switches are 
not required. Five full-scale ranges are available, with auto¬ 
matic selection of external volt/ohm attenuators over a 1 to 
10,000 range. Two current ranges, 20 mA and 200 mA, can 
be manually selected. The auto-range feature can be by¬ 
passed, allowing input attenuator selection through a single 
line input. 

During manual mode operation, resolution Is extended 
to 3000 counts full-scale. Extended resolution is also avail¬ 
able during 2000 kQ and 2000V full-scale auto-range opera¬ 
tion. The extended range operation is indicated by a flashing 
1 MSD and by the fully-extended bar-graph. 

The TC818 includes an AC-to-DC converter for AC 
voltage and current measurements. Only external diodes/ 
resistors/capacitors are required. Other featu res inclu de a 
memory mode, low-battery detection, display HOLD input, 
and continuity buzzer driver. 

The 3-1/2 digit numeric display includes a full set of 
annunciators. Decimal points are adjusted as automatic or 
manual range changes occur, and voltage, current, and 
ohms operating modes are displayed. Addition al annu ncia- 
tors are activated for manual, auto, memory, HOLD, AC, 
low-power ohms, and low-battery conditions. 

The TC818 is available in a surface-mounted chip set, 
with the TC818A in a 60-pln flat package and the TC818D in 
a 20-pin small outline (SO) package. Combining numeric 
and bar-graph display drivers, single 9V battery operation, 
internal range switching, and compact surface mounting, 
the TC818 is ideal for advanced portable instruments. 


ORDERING INFORMATION 




Temperature 

Part No. 

Package 

Range 

TC818ACBQ 

60-Pin Plastic 

Flat 

O^C to +70°C 

TC818DCOP 

20-Pin SO 

0°C to +70*^0 

PIN CONFIGURATIONS 

I- 1 


18,19,20 (T 
15,16,17 [2 
12,13,14 [¥ 
9,10,11 [T 
6.7,8 U 
3,4,5 [6 
0.1.2 [7 

VqisP d 
CLK U 
gnd[io 


TC818D 


l^vcc 

iU 21,22,23 
is] 24,25,26 
^ 27,28,29 
16] 30,31,32 
ji] 33,34,35 
14] 36,37,38 
jH 39,40,OR 
lilDATA 
I^SYNC 


1 i i i i s i a g s g o“ 

|4S|[44||43||42||Tni40||39||38|i37||36|(35||34||^|^ 


^ CrefL 

El 

^ DEINT 
^ COM 

ilvcc 

^ ANNUNC 
-MEM/BATT 



lig::3g;s:s:2s^iS£§s 

o““ maC!2oOo“- 
2 bt> p itB< 
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ABSOLUTE MAXIMUM RATINGS 


TC818A 

Supply Voltage.+15V 

Analog Input Voltage.Vcc to Vss 

Reference Input Voltage.Vcc to Vss 

Voltage at Pin 43.Common ±0.7V 

Power Dissipation.800 mW 

TC818D 

Supply Voltage.+6V 

Digital Input Voltage. Vcc to GND 

Power Dissipation.500 mW 


Both Devices 

Operating Temperature Range.0°C to +70°C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 60 sec).-i-300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vs = 9V, Ta = +25°C, Figure 1 Test Circuit 


Symbol 

Parameter 

Test Conditions 

Min 

TC818A 

Typ 

Max 

Unit 


Zero Input Reading 

200 mV Range Without 10 Mi2 Resistor 

-0000 

0000 

+0000 

Digital 



200 mV Range With 10 MQ Resistor 

-0001 

— 

+0001 

Reading 



20 mA and 200 mA Range 

-0000 

0000 

+0000 


RE 

Roll-Over Error 

200 mV Range Without 10 Mi2 Resistor 

— 

— 

±1 

Counts 



200 mV Range With 10 MQ Resistor 

— 

— 

±3 




20 mA and 200 mA Range 

— 

— 

±1 


NL 

Linearity Error 

Best Case Straight Line 

— 

— 

±1 

Count 

l|N 

Input Leakage Current 


— 

— 

10 

pA 

©N 

Input Noise 

BW = 0.1 to 10 Hz 

— 

20 

— 

pVp.p 


AC Frequency Response 

±1% Error 

— 

40 to 500 

— 

Hz 



±5% Error 

— 

40 to 2000 

— 



Open Circuit Voltage for 

Excludes 200Q Range 

— 

570 

660 

mV 


Ohm Measurements 







Open Circuit Voltage for 

Excludes 200Q Range 

— 

285 

350 

mV 


LO Ohm Measurements 






VcOM 

Analog Common Voltage 

(Vcc - Vcom) 

2.8 

3 

3.3 

V 

VcTC 

Common Voltage 


— 

— 

50 

ppm/®C 


Temperature Coefficient 






Display Multiplex Rate 

— 

100 


Hz 

VlL 

Low Logic Input 

20mA. AC. 1. LOQ. HOLD Range. -MEM. 

— 

— 

1 

V 



Ohms (Relative to DIGITAL GND. Pin 55) 






Logic 1 Pull-Up 

20 mA. AC. 1, LOQ. HOLD Range. -MEM. 

— 

25 

— 

pA 



Ohms (Relative to DIGITAL GND. Pin 55) 





VoL 

Low Logic Output 

ANNUNC. DEINT; Il=100^A 

— 

DGND-i-0.1 



VOH 

High Logic Output 

ANNUNC. DEINT; Il=100 pA 

— 

Vcc-0.1 

— 

V 

Buzzer Driver Frequency I 

— 

4 

— 

kHz 


Low Battery Flag Voltage 

Vcc to Vss 1 

6.3 

6.6 

7 

V 

Operating Supply Current | 


0.8 

1.5 

mA 


ELECTRICAL CHARACTERISTICS: Vcc = 5V, GND = OV, Ta = +25“C 


Symboi Parameter Test Conditions 

Min 

TC818D 

Typ 

Max 

Unit 

V|H High Logic Input 

2.5 

— 

— 

V 

V|L Low Logic Input 

— 

— 

1 

V 

liL Logic Input Current Vcc - Vin GND 

— 

0.01 

10 

nA 

Display Multiplex Rate 

— 

100 

— 

Hz 

Operating Supply Current 

— 

40 

100 

pA 
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TC818A PIN DESCRIPTION 

Pin No. 



(Quad Fiat 
Package) 

Symbol 

Description 

1 

oFiM 

Logic input. "0" (digital ground) for resistance measurement. 

2 

20 mA 

Logic Input. "0” (digital ground) for 20 mA full-scale current measurement. 

3 

BUZ 

Buzzer. Audio frequency, 4 kHz, output for continuity indication during resistance measurement. 

A noncontinuous 4 kHz signal is output to indicate an input overrange during voltage or current 
measurements. 

4 

XTAL1 

32.768 kHz crystal connection and clock output to drive TC818D. 

5 

XTAL2 

32.768 kHz crystal connection. 

6 

Vdisp 

Sets peak LCD drive signal: Vp = Vcc = Vqisp- Vdisp may also be used to compensate for 
temperature variation of LCD crystal threshold voltage. 

7 

BP1 

LCD backplane #1. 

8 

BP2 

LCD backplane #2. 

9 

BP3 

LCD backplane #3. 

10 

lOQ/A 

LCD annunciator segment drive for low ohms resistance measurement and current 
measurement. 

11 

OJA 

LCD annunciator segment drive for resistance measurement and current measurement. 

12 

k/m/HOLD 

LCD annunciator segment drive for k ("kilo-Ohms"), m ("milli-Amps" and "milli-Volts") and 

HOLD mode. 

13 

BCPO 

(Ones Digit) 

LCD segment drive for "b," ”c" segments and decimal point of least significant digit (LSD). 

14 

ADGO 

LCD segment drive for "a," "g," "d" segments of LSD. 

15 

FEO 

LCD segment drive for T and "e" segments of LSD. 

16 

BCP1 

LCD segment drive for "b,” "c" segments and decimal point of second LSD. 

17 

ADG1 

LCD segment drive for "a," "g," "d" segments of second LSD. 

18 

FE1 

LCD segment drive for T and "e" segments of second LSD. 

19 

BCP2 

LCD segment drive for "b," "c" segments and decimal point of third LSD (hundreds digit). 

20 

ADG2 

LCD segment drive for "a," "g," "d" segments of third LSD. 

21 

FE2 

LCD segment drive for T and "e" segments of third LSD. 

22 

BCP3 

LCD segment drive for "b," "c" segments and decimal point of MSD (thousands digit). 

23 

AC/-/AUTO 

LCD annunciator segment drive for AC measurements, polarity, and auto-range operation. 

24 

-MEM/BATT 

LCD annunciator segment drive for low-battery indication and memory (relative measurement). 

25 

ANNUNC 

Square-wave output at the backplane frequency, synchronized to BP1. ANNUNC can be used to 
control display annunciators. Connecting an LCD segment to ANNUNC turns it on; connecting it 
to its backplane turns it off. ANNUNC is also used to synchronize the TC818A and TC818D 
backplanes. 

26 

Vcc 

Positive battery supply connection. 

27 

COM 

Analog circuit ground reference point. Nominally 3V below Vcc- 

28 

DEINT 

Deintegrate output. Transmits the A/D conversion result to the bar-graph LCD driver. (See text.) 

29 

RMrefl 

Ratiometric (resistance measurement) reference low voltage. 

30 

Crefl 

Reference capacitor negative terminal, Cref = 0.1 \xF. 

31 

Crefh 

Reference capacitor positive terminal, Cref = 0.1 ^F. 

32 

REFHI 

Reference voltage for voltage and current measurement. Nominally 163.85 mV. 

33 

QR1 

Standard resistor connection for 200Q full-scale. 

34 

QR2 

Standard resistor connection for 2000Q full-scale. 

35 

QR3 

Standard resistor connection for 20 kQ full-scale. 

36 

QR4 

Standard resistor connection for 200 kQ full-scale. 
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TC818A PIN DESCRIPTION (Cont.) 

Pin No. 
(Quad Flat 
Package) 

Symbol 

Description 

37 

nR5 

Standard resistor connection for 2000 kD full-scale. 

38 

VR3 

Voltage measurement +100 attenuator. 

39 

VR2 

Voltage measurement +10 attenuator. 

40 

VR5 

Voltage measurement- j- 1 0,000 attenuator. 

41 

VR4 

Voltage measurement +1000 attenuator. 

42 

V| 

Unknown voltage input + attenuator. 

43 

l| 

Unknown current input. 

44 

ACVL 

Low output of AC-to-DC converter. 

45 

C| 

Integrator capacitor connection. Nominally 0.1 ^F. (Must have low dielectric absorption. 
Polypropylene dielectric suggested.) 

46 

Caz 

Auto-zero capacitor connection. Nominally 0.1 \if. 

47 

Rx 

Unknown resistance input. 

48 

CFI 

Input filter connection. 

49 

ADI 

Negative input of internal AC-to-DC operational amplifier. 

50 

ADO 

Output of internal AC-to-DC operational amplifier. 

51 

R^2BUF 

Active buffer output for resistance measurement. Integration resistor connection. 

Nominally 220 kil. 

52 

RVIBUF 

Active buffer output for voltage and current measurement. Integration resistor connection. 
Nominally 150 kQ. 

53 

ACVH 

Positive output of AC-to-DC converter. 

54 

Vss 

Negative supply connection. Connect to negative terminal of 9V battery. 

55 

DGND 

Internal logic digital ground. Ground connection for the TC818D, and the logic "0" level. 

Nominally 4.7V below Vcc- 

56 

RANGE 

Input to set manual operation and change ranges. 

57 

HOLD 

Input to hold display. Connect to DGND to "freeze" display. 

58 

-MEM 

Input to enter memory measurement mode for relative measurements. The two LSD's are stored 
and subtracted from future measurements. 

59 

III 

Input that selects AC or DC option during voltage/current measurements. For resistance 
measurements, the ohms or low power (voltage) ohms option can be selected. 

60 

I 

Input to select measurement. Connect to logic "0" (digital ground) for current measurement. 


1-31 




AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 
BAR-GRAPH DISPLAYS 


TC818 


TC818D PIN DESCRIPTION 

Pin No. 
(20-Pin SO) 

Symbol 

Description 

1 

18, 19, 20 

Segments 18, 19, 20 of LCD. 

2 

15, 16, 17 

Segments 15, 16, 17 of LCD. 

3 

12, 13, 14 

Segments 12, 13, 14 of LCD. 

4 

9, 10, 11 

Segments 9, 10, 11 of LCD. 

5 

6, 7, 8 

Segments 6, 7, 8 of LCD. 

6 

3, 4, 5 

Segments 3, 4, 5 of LCD. 

7 

0, 1, 2 

Segments 0, 1,2 of LCD. 

8 

Vdisp 

Sets peak LCD voltage drive level. Connect to Vdisp of TC818A, or to GND of TC818D. 

9 

CLK 

Clock input. Connect to XTALI output of TC818A. 

10 

GND 

Digital ground. Connect to DGND of TC818A. 

11 

SYNC 

Display SYNC input. Synchronizes backplanes of the TC818A and TC818D. Connect to 

ANNUNC output of TC818A. 

12 

DATA 

Data input. Pulses at the CLK input are counted while DATA is logic high. Connect to DEINT 
output of TC818A. 

13 

39, 40, OR 

Segments 39, 40 and overrange of LCD. 

14 

36, 37, 38 

Segments 36, 37, 38 of LCD. 

15 

33, 34, 35 

Segments 33, 34, 35 of LCD. 

16 

30, 31, 32 

Segments 30, 31, 32 of LCD. 

17 

27, 28, 29 

Segments 27, 28, 29 of LCD. 

18 

24, 25, 26 

Segments 24, 25, 26 of LCD. 

19 

21,22, 23 

Segments 21,22, 23 of LCD. 

20 

Vcc 

Power supply input. Connect to Vcc of TC818A. 


THEORY OF OPERATION 

The TC818 consists of two CMOS integrated circuits. 
The TC818A incorporates an auto-ranging ADC and drivers 
for a 3-1/2 digit LCD, while the TC818D provides data 
formatting and drivers for a 40-segment bar-graph display. 
Both integrated circuits are required to form a complete 
measurement system. 

During each A/D conversion cycle, data is transferred 
from the TC818A to the TC818D. Therefore, the bar-graph 
display will track the numeric (3-1/2 digit) display. The exact 
relationship between numeric display counts and bar-graph 
segments displayed is shown in Table I. Both displays are 
updated at the same rate. When the TC818A is in its 
extended resolution mode (3000 counts, maximum), the 
bar-graph will display all 40 bars continuously. 

Analog-to-Digital Converter (ADC) 

The TC818A includes an Integrating ADC with auto¬ 
ranging resolution of 2000 counts and manual range reso¬ 
lution of 3000 counts. Figure 1 shows a simplified schematic 
of the analog section. In auto-ranging mode, internal logic 


will adjust the input voltage or ohms attenuators so that 
measurements will always be made in the appropriate 
range. Measurement ranges, logic control Inputs, 3-1/2 digit 
LCD formatting, and other features are identical to the 
TC815 auto-ranging A/D converter. However, the TC818A 
Is not pin-compatible with, and is not a replacement for, the 
TC815. 

A display annunciator output (ANNUNC) can be used to 
customize the LCD. ANNUNC is a square wave at the 
backplane frequency. Connecting an annunciator segment 
to the ANNUNC driver turns the segment on; connecting the 
segment to its backplane turns it off. 

Bar-Graph Driver 

The TC818D includes a counter and data latch, clock 
divider, and triplex LCD bar-graph formatting and display 
functions. A block diagram of the TC818D and connections 
between the TC818A and TC818D Is shown i n Fig ure 2. The 
TC818D does not require a separate power supply, since it 
is powered from Vcc and digital ground of the TC818A. 
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Figure 2 Interface Between TC818A and TC818D 


When the TC818D DATA input goes to a logic high, 
pulses are counted at the CLK input. A clock divider scales 
clock pulses so that the number of LCD bar-graph segments 
is proportional to the numeric display (see Table I). 

When the DATA Input goes low, the counter contents 
are transferred to a display latch. Then the bar-graph counter 
Is reset to zero in preparation for the next A/D conversion 
cycle. 

The CLK input is also divided to produce the triplex LCD 
drivers. The backplane and segment driver waveforms are 
the same voltage levels as the TC818A. However, the 
TC818D segment driver waveforms are less complicated 
than those of the TC818A, because adjacent bar-graph 
segments are either on or off. 

The SYNC input permits synchronizing display back¬ 
planes. By connecting the ANNUNC output of the TC818A 
to the SYNC input of the TC818D, the two sets of LCD 


drivers will be synchronized. This feature permits the use of 
an LCD with only one set of backplane drivers and saves 
three pin connections to the display. 

LCD backplane and segment drive voltages are set by 
the voltage between Vcc and Vqisp pins. In most cases, 
Vdisp will be connected to GND and the LCD drive voltage 
will be about 5V. If Vdisp is not connected to GND, then Vdisp 
of the TC818D must be connected to Vdisp of the TC818A. 

Data Transfer 

Analog conversion results are transferred from the 
TC818A to the TC818D via two pins, DEINT and XTAL1. 
DEINT is a TC818A output with a pulse width proportional to 
the analog voltage being measured. DEINT goes to a logic 
high at the beginning of the TC818A deintegrate cycle, and 
goes low at the comparator zero-crossing (end of conversion). 
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Timing of the DEINT pulse width is derived from the 
TC818A's XTAL1 output, which provides a 32.768 kHz 
clock. The number of clock pulses occurring while DEINT is 
high determines the number of bar-graph segments dis¬ 
played. The relationship between numeric display counts 
and bar-graph segments is shown in Table I. 

Resistance, Voltage, Current 
Measurement Selection 

The TC818 Is designed to measure voltage, current, 
and resistance. Auto-rangin g is av ailable for resistance and 
voltage measurements. The OHM (pin 1) and!(pin 60) input 
controls are normally pulled internally to Vcc- 

By tying these pins to DGND (pin 55), the TC818 is 
configured Internally to measure resistance, voltage, or 
current. The required signal combinations are shown in 
Table II. 


Table I. TC818A Numeric Display vs TC818D 
Bar-Graph Segments 


Numeric Reading 

Bar-Graph Segments 

0-24 

0 

25-74 

1 

75-124 

2 


• 

((50*N)-25) to ((50*N)+24) 
(where 1 < N < 40) 

• 

N 

• 

• 

• 

• 

• 

• 

1975-2024* 

40 

>2024* 

OVR 

‘Readings >1999 will only occur in manual or expanded resolution 
modes. 

Table II. TC818 Measurement Selection Logic 

Function Select Pin 


OHM (Pin 1) I (Pin 60) 

Selected Measurement 

0 0 

Voltage 

0 1 

Resistance 

1 0 

Current 

1 1 

Voltage 


0 = Digital Ground 1 = Floating or Tied to Vcc 

NOTES: 1. OHM and T are normally pulled internally high to Vcc 
(pin 26). This is considered a logic "1". 

2. Logic "0" is the potential at digital ground (pin 55). 


Resistance Measurements — Ohms 
and Low Power Ohms 

The TC818 can be configured to reliably measure in- 
circuit resistances shunted by semiconductor junctions. The 
TC818 low-powerohms measurement mode limits the probe 
open circuit voltage. This prevents semiconductor junctions 
in the measured system from turning on. _ 

In the resistance measurement mode, the (pin 

59) input selects the low-power ohms me asure ment mode. 
For low-power ohms measurements, Q/LOQ (pin 59) is 
momentarily brought low to digital ground potential. The 
TC818 sets up for a low-power ohms measurement with a 
maximum open circuit probe voltage of 0.35V above analog 
co mmon. In the low-powerohms mode, an LCD annuncia¬ 
tor, LOn, will be activated. On power-up, the low-power 
ohms mode is not active. 

If th e manual operating mode has been selected, toggling 
^1/LOQ resets the TC818 back to auto-range mode. In 
manual mode, the decision to make a normal or low-power 
ohms measurement should be made before selecting the 
desired range. 

The low-powerohms measurement is not available on 
the 200Qfull-scale range. Open-circuit voltage on this range 
is below 2.8V. 

The standard resistance values are listed in Table III. 


Table III. Ohms Range Ladder Network 


Full-Scale 

Range 

Standard 

Resistance 

Low-Power 
Ohms Mode 

2 ooa 

163.85i^ (R1) 

No 

2000Q 

1638.5Q (R2) 

Yes 

20 kQ 

16,385i2(R3) 

Yes 

200 kQ. 

163,850a (R4) 

Yes 

2000 kQ 

1,638,500^^ (R5) 

Yes 


R8, a positive temperature coefficient resistor, and the 
6.2V zener, Z1, provide input voltage protection during 
ohms measurement. 


Ratiometric Resistance Measurements 

The TC818 measures resistance ratiometrically. Accu¬ 
racy is set by the external standard resistors connected to 
pins 33 through 37. A low-power ohms mode may be 
selected on all but the 200Q full-scale range. The low-power 
ohms mode limits the voltage applied to the measured 
system. This allows accurate "in-circuit" measurements 
when a resistor is shunted by semiconductor junctions. 

Full auto-ranging is provided. External precision stan¬ 
dard resistors are automatically switched to provide the 
proper range. 
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Figure 3 is a detailed block diagram of the TC818 
configured for ratiometric resistance measurements. During 
the signal Integrate phase the reference capacitor charges 
to a voltage inversely proportional to the measured resistance, 

Table IV. Reference Resistors 


Full-Scale 
Range (n) 

Reference 

Resistor 

Q/Count 

Rx. Figure 4 shows that the conversion accuracy relies only 

200 

163.85 

0.1 

on the accuracy of the external standard resistors. 

2k 

1638.5 

1 

Normally, the required accuracy of the standard resis¬ 
tances will be dictated by the accuracy specifications of the 
user's end product. Table IV gives the equivalent ohms per 
count for various full-scale ranges to allow users to judge the 
required resistor accuracy. 

20k 

16385 

10 

200k 

163,850 

100 

2M 

1,638,500 

1000 






Figure 3 Ratiometric Resistance Measurement Functional Diagram 


1-36 





AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 
BAR-GRAPH DISPLAYS 


1 


TC818 



Voltage Measurement 

Resistive dividers are automatically changed to provide 
in-range readings for 200 mV to 2000V full-scale readings 
(Figure 1). The input resistance is set by external resistors 
R14/R13. The divider leg resistors are R9-R12. The divider 
leg resistors give a 200 mV signal at V| (pin 42) for full-scale 
voltages from 200 mV to 2000V. 

For applications that do not require a 10 MW input 
impedance, the divider network impedances may be low¬ 
ered. This will reduce voltage offset errors induced by switch 
leakage currents. 

Current Measurement 

The TC818 measures current only under manual range 
operation. The two user-selectable, full-scale ranges are 
20 mA and 200 mA. Select the current measurement mode 
by h olding the I input (pin 60) low at digital ground potential. 
The OFIM input (pin 1) is left floating or tied to the positive 
supply. 

Two ranges are possible. The 20 0 mA full-scale range 
is selected by connecting the 20 mA input (pin 2) to digital 
ground. If left floating, the 200 mA full-scale range is selected. 

External current-to-voltage conversion resistors are used 


at the current input (li, pin 43). For 20 mA measurements, a 
ion resistor Is used. The 200 mA range requires a in 
resistor. Full scale is 200 mV 

Printed circuit board trace resistance between analog 
common and R16 must be minimized. In the 200 mA range, 
for example, a O.OSn trace resistance causes a 5% current- 
to-voltage conversion error at li (pin 43). 

The extended resolution measurement option operates 
during current measurements. 

To minimize roll-over error, the potential difference 
between ANALOG COM (pin 27) and system common must 
be minimized. 

AC-to-DC Measurements 

In voltage and current measurements, the TC818 can 
be configured for AC measurements. An on-chip operational 
amplifier and external rectifier components perform the AC- 
to-DC conversion. 

When power is first applied, the TC818 enters the DC 
measurement mode. For AC measurements (current or 
voltage), AC/DC (pin 59) is momentarily brought low to 
digital ground potential; the TC818 sets-up for AC measure¬ 
ments and the AC liquid crystal display annunciator acti¬ 
vates. Toggling AC/DC low again returns the TC818 to DC 
operation. 
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If manual operating mode has been selected, toggling 
AC/DC resets the TC818 back to auto-range mode. In 
manual mode operation, AC or DC should be selected first, 
then the desired range. 

The minimum AC full-scale voltage range is 2V. The DC 
full-scale minimum voltage Is 200 mV. 

AC current measurements are available on the 20 mA 
and 200 mA full-scale ranges. 

Conversion Timing 

The TC818 uses the conventional dual-slope integrat¬ 
ing conversion technique with an added phase that auto¬ 
matically eliminates zero offset errors. The TC818 gives a 
zero reading with a OV input. 

This device is designed to operate with a low-cost, 
readily-available 32.768 kHz crystal. It serves as a time- 
base oscillator crystal In many digital clocks. (See external 
crystal sources, page 18.) 

The external clock is divided by two. The Internal clock 
frequency is 16.348 kHz, giving a clock period of 61.04 ps. 
The total conversion — auto-zero phase, signal integrate, 
and reference deintegrate—requires 8000 clock periods (or 
488.3 ms). There are approximately two complete conver¬ 
sions per second. 

The integration time is fixed at 1638.5 clock periods (or 
100 ms), giving a rejection of 50/60 Hz AC line noise. 


The maximum reference deintegrate time, representing 
a full-scale analog input. Is 3000 clock periods (or 183.1 ms) 
during manual extended resolution operation. The 3000 
counts are available In manual mode, extended resolution 
operation only. In auto-ranging mode, the maximum dein¬ 
tegrate time is 2000 clock periods. The 1000 clock periods 
are added to the auto-zero phase. An auto-ranging or 
manual conversion takes 8000 clock periods. After a zero 
crossing Is detected In the reference deintegrate mode, the 
auto-zero phase is entered. 

Figure 5 shows the basic TC818 timing relationships. 

Manual Range Selection 

The TC818's voltage and resistance auto-ranging fea¬ 
ture can be disabled by momentarily bringing RANGE (pin 
56) to digital ground potential (pin 55). When the change 
from auto to manual ranging occurs, the first manual range 
selected is the last range in the auto-ranging mode. 

The TC818's power-up circuit initially selects auto¬ 
range operation. Once the manual-range option is entered, 
range changes are made by momentarily grounding the 
RANGE control input. The TC818 remains in the manual- 
range mode until the measurement function (volt age o r 
resistance) or measurement option (AC/DC, Q/LOQ) 
changes, causing the TC818 to return to auto-ranging 
operation. 


TC818 


SIGNAL 

INT 


REF 

DEINT 


^ AUTO-ZERO 
^ PHASE ^ 

PHASE 

◄- —► 

/ 

PHASE 

\ 

MIN AUTO-ZERO 

FIXED 

♦MAX 

TIME 

1638.5 tp 

3000 tp 

^ —3361.5 tp— ^ 

• 8000 tn - 

◄-tDE-^ 

ocTO 

INPUT 

SIGNAL 

n *CONV“ 

> QUW ID 



. NEXT CONVERSION 
AUTO-ZERO CYCLE 

EXTENDED 

RESOLUTION 

^ZERO 

CROSSING 


IN AUTO-RANGE OPERATION, 
MAXIMUM IS 2000 tpAND 
MINIMUM AUTO-ZERO TIME 
IS 4361.5 tp. 


External Crystal = 32.768 kHz 


Internal Clock Period = tp = 2/32.768 = 61.04 iis 


Total Conversion Time = tcoNV = 8000 (tp) 
= 488.3 ms « 2 conv/sec 


Integration Time = ti = 1638.5 (tp) = 100 ms 

Maximum Reference Deintegrate Time 

= tpE = 3000 (tp) = 183.1 ms (manual, 
extended resolution) 

= 2000 (tp) = 122.1 ms (auto-range) 

Minimum Auto-Zero Time 

= (8000-3000-1638.5) 

(tp) = 205.1 ms (manual, 
extended resolution) 

= (8000-2000-1638.5) 

(tp) = 266.2 ms (auto-range) 


Figure 5 Basic TC818 Conversion Timing 
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The "Auto" LCD annunciator driver is active only in the 
auto-range mode. 

Figure 6 shows typical operation where the manual 
range selection option is used. Also shown is the extended 
resolution display format. 

Extended Resolution Manual Operation 

When operated In the manual-range mode, the TC818 
extends resolution by 50% for current, voltage, and resis¬ 
tance measurements. Resolution increases to 3000 counts 
from 2000 counts. The extended resolution feature operates 
only in the 2000 kQ and 2000V ranges during auto-range 
operation. 

In the extended resolution operating mode, readings 
above 1999 are displayed with a blinking "1" most significant 
digit. The blinking "1" should be interpreted as the digit 2. 
The three least significant digits display data normally. The 
bar-graph LCD will be fully extended. 

An input overrange condition causes the most signifi¬ 
cant digit (MSD) to blink and sets the three least significant 
digits (LSDs) to display "000." The buzzer output is enabled 
for input voltage and current signals with readings greater 
than 2000 counts in both manual- and auto-range opera¬ 
tions. 



Figure 7 Manual Range Selection; Current Measurement 



* MODE ALSO OPERATES WHEN AUTO-RANGING 
OPERATION IS SELECTED AND 2 MO < Rx < 2.999 MO. 



Figure 6 Manual Range Selection; Resistance Measurement Figure 8 Manual Range Selection; Voltage Measurement 
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For resistance measurements, the buzzer signal does 
not indicate an overrange condition. The buzzer is used to 
indicate continuity. Continuity is defined as a resistance 
reading less than 19 counts. 

-MEM Operating Mode 

Bringing-MEM (Pin 58) momentarily low configures the 
"-MEM" operating mode. The -MEM LCD annunciator 
becomes active. In this operating mode subsequent mea¬ 
surements are made relative to the last two digits (< 99) 
displayed at the time M EM Is low. This represents 5% of full- 
scale. The last two significant digits are stored and sub¬ 
tracted from ail the following input conversions. 

A few examples clarify operation: 

Example 1: In Auto-Ranging 

Ri (N) = 18.21 kn (20 kQ Range) > Display 18.21 kQ 
MEM > Store 0.21 kQ. 

Ri (N + 1) = 19.87 kQ (20 k^ Range) 

> Display 19.87-0.21 = 19.66 kQ 

Ri (N + 2) = 22.65 kQ (200 kQ Range) 

> Display 22.7 kQ and MEM Disappears 

Example 2: In Fixed Range 2000 Full Scale 

Ri (N) = 18.2Q> Display 18.2Q 
MEM > Store 8.2Q 

Ri (N + 1) = 36.7Q 

> Display 36.7 - 8.2 = 28.5Q 

Ri (N + 2) = 5.8Q 

> Display 5.8 - 8.2 = -2.4Q* 

‘Will display minus resistance if following input is less than offset stored 
at fixed range. 

Example 3: In Fixed Range 20 V Full Scale 

V| (N) = 0.51V > Display 0.51V 
MEM > Store 0.51V 

V| (N + 1) = 3.68V 

> Display 3.68 - 0.51 = 3.17V 

V| (N + 2) = 0.23V 

> Display 0.23 - 0.51 = -0.28V 

V| (N 4-3) =-5.21V 

> Display -5.21 - 0.51 = -5.72V 

On power-up the, -MEM mode is not active. Once the- 
MEM is entered, bringing MEM low again returns the TC818 
to normal operation. 


The -MEM mode is also cancelled whenever the mea¬ 
surement type (resistance, voltage, current, AC/DC, 
Q/LOQ) or range is changed. The LCD -MEM annunciator 
will be off in normal operation. 

In auto-range operation, if the following input signal 
cannot be converted on the same range as the stored value, 
the -MEM mode Is cancelled. The LCD annunciator is 
turned off. 

The -MEM operating mode can be very useful in resis¬ 
tance measurements where lead length resistance would 
cause measurement errors. 

Automatic Range Selection Operation 

When power is first applied, the TC818 enters the auto¬ 
range operating state. The auto-range mode may be en¬ 
tered from manual mode by changing the measurement 
function (resistance or v oltage ) or by changing the measure¬ 
ment option (AC/DC, Q/LOQ). 

The automatic voltage range selection begins on the 
most sensitive scale first: 200 mV for DC or 2V for AC 
measurements. The voltage range selection flow chart is 
given in Figure 9. 

Internal input protection diodes to Vcc (pin 26) and Vss 
(pin 54) clamp the input voltage. The external 10 MQ input 
resistance (see R14 and R13, Functional Diagram) limits 
current safely in an overrange condition. 

The voltage range selection is designed to maximize 
resolution. For input signals less than 9% of full scale (count 
reading <180), the next most sensitive range is selected. 

An overrange voltage Input condition Is flagged, when¬ 
ever the internal count exceeds 2000, by activating the 
buzzer output (pin 3). This 4 kFIz signal can directly drive a 
piezoelectric acoustic transducer. An out-of-range input 
signal causes the 4 kHz signal to be on for 122 ms, off for 122 
ms, on for 122 ms, and off for 610 ms (see Figure 15). 

During voltage auto-range operation, the extended reso¬ 
lution feature operates on the 2000V range only. (See 
extended resolution operating mode discussion.) 

The resistance auto-range selection procedure is shown 
in Figure 10. The 200Q range is the first range selected 
unless the low ohms resistance measurement option is 
selected. In low ohms operation, the first full-scale range 
tried is 2 kQ. 

The resistance range selected maximizes sensitivity. If 
the conversion results in a reading less than 180, the next 
most sensitive full-scale range is tried. 

If the conversion Is less than 19 in auto-range operation, 
a continuous 4 kHz signal is output at BUZ (pin 3). An 
overrange Input does not activate the buzzer. 
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Low-Battery Detection Circuit 

The TC818 contains a low-battery detector. When the 
9V battery supply has been depleted to a 7V nominal value, 
the LCD low-battery annunciator Is activated. 

The low-battery detector Is shown in Figure 11. The low- 
battery annunciator is guaranteed to remain OFF with the 
battery supply greater than 7V. The annunciator is guaran¬ 
teed to be ON before the supply battery has reached 6.3V. 

Triplex Liquid Crystal Display (LCD) Drive 

The TC818 directly drives a triplexed LCD using 1/3 bias 
drive. All numeric data, decimal point, polarity, and function 
annunciator drive signals are developed by the TC818A. 
The bar-graph data are developed to the TC818D. A direct 
connection to a triplex LCD is possible without external drive 
electronics. Standard and custom LCDs are readily avail¬ 
able from LCD manufacturers. 

The LCDs must be driven with an AC signal having a 
zero DC component, for long display life. The liquid crystal 
polarization Is a function of the RMS voltage appearing 
across the backplane and segment driver. The peak drive 
signal applied to the LCD is: 

Vcc-Vdisp 

For example, if Vdisp is set at a potential 3V below Vcc, 
the peak drive signal is: 

Vp = Vcc- Vdisp = 3V 



An "OFF" LCD segment has an RMS voltage of Vp/3 
across It or 1V. An "ON" segment has a 0.63 Vp signal across 
It or 1.92V for Vcc — Vdisp = 3V. 

Since the Vpisp pin is available, the user may adjust the 
"ON" and "OFF" LCD levels for various manufacturer's 
displays by changing Vp signal across it or 1.92V for Vcc - 
Vdisp = 3V. 

"OFF" segments may become visible at high LCD 
operating temperatures. A voltage with a -5 to -20 mV/°C 
temperature coefficient can be applied to Vdisp to accom¬ 
modate the liquid crystal temperature operating character¬ 
istics, if necessary. 

The TC818A and TC818D internally generate two inter¬ 
mediate LCD drive potentials (Vh and Vl) from resistive 
dividers (Figure 12) between Vcc and Vdisp- The ladder 
Impedance is approximately 150 kn. This drive method is 
commonly known as 1/3 bias. With Vdisp connected to 
digital ground, Vp » 5V. 

The intermediate levels are needed so that drive signals 
giving RMS "ON" and "OFF" levels can be generated. Figure 
13 shows a typical drive signal and the resulting waveforms 
for "ON" and "OFF" RMS voltage levels across a selected 
numeric LCD element. 


Vcc 



"OFF" = Vp/3 RMS 

"ON" = Vp RMS 
3V3 


Figure 11 Low-Battery Detector Figure 12 1/3 Bias LCD Drive 


1-42 






AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 
BAR-GRAPH DISPLAYS 


1 


TC818 



1-43 



































AUTO-RANGING ANALOG-TO-DIGITAL 
CONVERTER WITH 3-1/2 DIGIT AND 
BAR-GRAPH DISPLAYS 


TC818 


Liquid Crystal Displays (LCDs) 

Most users design their own custom LCD. However, for 
prototyping purposes, a standard display is available from 
Varitronix, Ltd. The prototype display configuration is shown 
in Figure 14. 

• Varitronix Ltd. 

9/F Liven House, 61-63, King Yip Street 

Kwun Tjong, Hong Kong 

Tel: 3-410286 

Telex: 36643 VTRAX HX 

FAX: 852-3-439555 

Part No. VIM-328-DP 

• USA Office: 

VL Electronics Inc. 

3171 Los Feliz Blvd, #303 
Los Angeles, CA 0039 
Tel: (213) 738-8700 

External Crystal 

The TC818 is designed to operate with a 32,768 Hz 
crystal. This frequency is internally divided by two to give a 
61.04 ILLS clock period. One conversion takes 8000 clock 
periods or 488.3 ms («2 conversions/second). Integration 
time is 1638.5 clock periods or 100 ms. 


The 32 kHz quartz crystal is readily available and 
inexpensive. The 32 kHz crystal Is commonly used in digital 
clocks and counters. 

Several crystal sources exist. A partial listing Is: 

• Statek Corporation 
512 N. Main 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
Telex: 67-8394 

• Daiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 

• International Piezo LTD 
24-26 Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XTAL HZ 
Tel: 3-3501151 

Contact manufacturer for full specifications. 
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Figure 14 Typical LCD Configuration, TC818 Triplex 
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"Buzzer” Drive Signal 

The BUZ output (pin 3) will drive a piezoelectric audio 
transducer. The signal Is activated to indicate, an input 
overrange condition for current and voltage measurements 
or continuity during resistance measurements. 

During a resistance measurement, a reading less than 
19 on any full-scale range causes a continuous 4 kHz signal 
to be output. This is used as a continuity indication. 

A voltage or current input measurement overrange Is 
indicated by a noncontinuous 4 kHz signal at the BUZ 
output. The LCD most significant digit also flashes and the 
three least significant digits are set to display zero. The 
buzzer drive signal for overrange is shown in Figure 15. The 


BUZ output is active for any reading over 2000 counts In both 
manual and auto-range operation. The buzzer is activated 
during an extended resolution measurement. 

The BUZ signal swings from Vcc (pin 26) to DGND (pin 
55). The signal is at Vcc when not active. 

The BUZ output is also activated for 15 ms whenever a 
range change is made in auto-range or manual operation. 
Changing the type of measurement (voltage, curre nt, or 
resistance), or measurement option (AC/DC, Q/LOQ), also 
activates the buzzer output for 15 ms. A range change 
during a current measurement will not activate the buzzer 
output. 
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Figure 15 TC818 Timing Waveform for Buzzer Output 
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Vendors for piezoelectric audio transducers are: 

• Gulton Industries 
Piezo Products Division 
212 Durham Avenue 
Metuchen, New Jersey 08840 
(201) 548-2800 

Typical P/Ns: 102-95NS, 101-FB-00 

• Taiyo Yuden (USA) Inc. 

Arlington Center 

714 West Algonquin Road 
Arlington Heights, Illinois 60005 
Typical P/Ns: CB27BB, CB20BB, CB355BB 

Display Decimal Point Selection 

The TC818 provides a decimal point LCD drive signal. 
The decimal point position is a function of the selected full- 
scale range, as shown in Table V. 


Table V. Decimal Point Selection 


Full-Scale Range 

1 * 
DP3 

9 * 

DP2 

9 * 9 

DP1 

2000V, 2000 kQ 

OFF 

OFF 

OFF 

200V, 200 ka 

OFF 

OFF 

ON 

20V, 20 kQ 

OFF 

ON 

OFF 

2V, 2 kQ 

ON 

OFF 

OFF 

200V, 200Q 

OFF 

OFF 

ON 

200 mV, 200Q 

OFF 

OFF 

ON 

20 mA 

OFF 

ON 

OFF 

200 mA 

OFF 

OFF 

ON 


AC-to-DC Converter Operational Amplifier 

The TC818 contains an on-chip operational amplifier 
that may be connected as a rectifier for AC-to-DC voltage 
and current measurements. Typical operational amplifier 
characteristics are: 

• Slew Rate: 1 V/ps 

• Unity-Gain Bandwidth: 0.4 MHz 

• Open-Loop Gain: 44 dB 

• Output Voltage Swing (Load = 10 kll) ±1.5V 
(Referenced to Analog Common) 

When the AC measurement option is selected, the input 
buffer receives an input signal through switch SI 4 rather 
than switch S11 (see Figure 1). With external circuits, the AC 
operating mode can be used to perform other types of 
functions within the constraints of the internal operational 
amplifier. External circuits that perform true RMS conver¬ 
sion or a peak hold function are typical examples. 


Component Selection 

Integration Resistor Selection 

The TC818 automatically selects one of two external 
integration resistors. RVIBUF(pin52) is selected for voltage 
and current measurement. RWBUF (pin 51) is selected for 
resistance measurements. 


RVIBUF Selection (Pin 52) 

In auto-range operation, the TC818 operates with a 200 
mV maximum full-scale potential at V| (pin 42). Resistive 
dividers at VR2 (pin 39), VR3 (pin 38), VR4 (pin 41), and VR5 
(pin 40) are automatically switched to maintain the 200 mV 
full-scale potential. 

In manual mode, the extended operating mode Is acti¬ 
vated giving a 300 mV full-scale potential at V| (pin 42). 

The integrator output swing should be maximized, but 
saturations must be avoided. The integrator will swing within 
0.45V of Vcc (pin 26) and 0.5V of Vss (pin 54) without 
saturating. A ±2V swing is suggested. The value of RVIBUF 
is easily calculated, assuming a worst-case extended reso¬ 
lution input signal: 


RVIBUF = 
where: 


Vmax (ti) 
Vint (Ci) 


»150kn 


Vint = Integrator swing = ±2V 
ti = Integration time = 100 ms 
C| = Integration capacitor = 0.1 pF 
Vmax= Maximum input at V| = 300 mV 


RWBUF Selection (Pin 51) 

In ratiometric resistance measurements, the signal at 
Rx (pin 47) Is always positive with respect to analog com¬ 
mon. The integrator swings negative. 

The worst-case Integrator swing is for the 200Q range 
with the manual, extended resolution option. 

The input voltage, Vx (pin 47) is easily calculated 
(Figure 16): 

RQBUF = - Vancom) Rx ^ ^ 

(Rx + Rs + Ri + Rs) 

where: 

Vancom = Potential at analog common » 2.7V 
Rs = 220^2 

Ri = 163.8512 

Rx = 300a 

Rs = Internal switch 33 resistance = 60012 
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For a 3.1V integrator swing, the value of RQBUF is 
easily calculated: 

RnBUF = = 220 kii 

Ci (Vint) 

where: 

Vint = Integrator swing = 3.1 V 
ti = Integration time = 100 ms 
C| = Integration capacitor = 0.1 |iF 
Rx Max = 300Q 
Vx Max = 700 mV 

With a low battery voltage of 6.6V, analog common will 
be approximately 3.6V above the negative supply terminal. 
With the integrator swinging down from analog common 
toward the negative supply, a 3.1V swing will set the integra¬ 
tor output to 0.5V above the negative supply. 

Capacitors — Cint, Caz and Cref 

The Integration capacitor, Cint, must have low dielectric 
absorption. A 0.1 pF polypropylene capacitor is suggested. 
The auto-zero capacitor, Caz, and reference capacitor, 
Cref, should be selected for low leakage and dielectric 
absorption. Polystyrene capacitors are good choices. 



Figure 16 RQBUF Calculation (200Q Manual Operation) 


Reference Voltage Adjustment 

The TC818 contains a low temperature drift internal 
voltage reference. The analog common potential (pin 27) is 
established by this reference. Maximum drift is a low 75 
ppmrc. Analog common is designed to be approximately 
2.6V below Vcc (pin 26). A resistive divider (R18/R19, 
Functional Diagram) sets the TC818 reference input voltage 
(REFHI, pin 32) to approximately 163.85 mV. 

With an input voltage near full scale on the 200 mV 
range, R19 is adjusted for the proper reading. 

Display Hold Feature 

The LCD will not be updated when HOLD (pin 57) is 
connected to GND (pin 5 5). Conv ersions are made, but the 
display is not u pdated . A HOLD mode LCD annunciator is 
activated whe n HOL D Is low. 

The LCD HOLD annunciator is activated through the 
triplex LCD driver signal at pin 12. 

Flat Package Socket 

Sockets suitable for prototype work are available. A 
USA source Is: 

• Nepenthe Distribution 

2471 East Bayshore, Suite 520 
Palo Alto, CA 94303 
(415) 856-9332 
TWX: 910-373-2060 
"CBQ" Socket, Part No. IC51-064-042 

Resistive Ladder Networks 

Resistor attenuator networks for voltage and resistance 
measurements are available from: 

• Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
Tel: (714) 788-1700 
TWX: 910-332-6108 


Attenuator 

Attenuator 

Caddock 

Accuracy 

Type 

Part Number 

0.1% 

Voltage 

1776-C441 

0.25% 

Voltage 

1776-C44 

0.25% 

Resistance 

TI 794-204-1 
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DISPLAY A/D CONVERTERS WITH FREQUENCY 
COUNTER AND LOGIC PROBE 


FEATURES 

■ Multiple-Function Measurement System 
— Analog-to-Digitai Converter 

— Frequency Counter 
— Logic Probe 

■ Frequency Counter 

— Measures Input Frequency to 4 MHz 
— Auto-Ranging Over Four-Decade Range 

■ Logic Probe Inputs 

— Two LCD Annunciators 
—■ Buzzer Drive 

■ Peak Reading Hold With LCD Annunciator 

■ 3-3/4 Digit (3999 Maximum) Resolution (TC820) 

■ 3-1/2 Digit (1999 Maximum) Resolution (TC821) 

■ Low Noise A/D Converter 

— Differential Inputs, 1 pA Bias Current 
— Differential Reference for Ratiometric Ohms 
— On-Chip Voltage Reference, 50 ppm/°C Drift 


■ No External LCD Drivers Required 
— Full 3-3/4 Digit Display 

— Displays "OL" for Input Overrange 
— Three Decimal Point and Polarity Drivers 
— LCD Annunciator Drive 
— Adjustable LCD Drive Voltage 

■ Low Battery Detect With LCD Annunciator 

■ On-Chip Buzzer Driver and Control Input 

■ Control Input Changes Full Scale Range by 10:1 

■ Data Hold Input 

■ Underrange and Overrange Outputs 

■ Multiple Package Options 

— 40-Pin DIP 

— 44-Pin Flat Package or PLCC 
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TC820 (3-3/4 DIGIT) 
TC821 (3-1/2 DIGIT) 


GENERAL DESCRIPTION 

The TC820 is a 3-3/4 digit measurement system com¬ 
bining an integrating analog-to-digital converter, frequency 
counter, and logic level tester in a single 40-pin package. 
The TC820 supersedes the TC7106 in new designs by 
improving performance and reducing system cost. The 
TC820 adds features that are difficult, expensive, or impos¬ 
sible to provide with older A/D converters (see the competi¬ 
tive evaluation). The high level of integration permits TC820- 
based instruments to deliver higher performance and more 
features, while actually reducing parts count. 

Fabricated in low-power CMOS, the TC820 directly 
drives a 3-3/4 digit (3999 maximum) LCD. The TC821 
includes all features of the TC820, but with a resolution of 
3-1/2 digits (1999 maximum). 

With a maximum range of 3999 counts, the TC820 
provides 10 times greater resolution in the 200 mV to 400 
mV range than traditional 3-1/2 digit meters. An auto-zero 
cycle guarantees a zero reading with a OV input. CMOS 
processing reduces analog input bias current to only 1 pA. 
Rollover error, the difference in readings for equal magnitude 
but opposite polarity input signals, is less than ±1 count. 
Differential reference inputs permit ratiometric measure¬ 
ments for ohms or bridge transducer applications. 

The TC820's frequency counter option simplifies de¬ 
sign of an instrument well-suited to both analog and digital 
troubleshooting: voltage, current, and resistance measure¬ 
ments, plus precise frequency measurements to 4 MHz 
(higher frequencies can be measured with an external 
prescaler), and a simple logic probe. The frequency counter 
will automatically adjust its range to match the input fre¬ 
quency, over a four-decade range. 

Two logic level measurement Inputs permit a TC820- 
based meter to function as a logic probe. When combined 
with external level shifters, the TC820 will display logic 
levels on the LCD and also turn on a piezoelectric buzzer 
when the measured logic level is low. 

Other TC 820 features simplify instrument design and 
reduce parts count. On-chip decimal point drivers are in¬ 
cluded, as is a low battery detection annunciator. A piezo¬ 
electric buzzer can be controlled with an external switch or 
by the logic probe inputs. Two oscillator options are pro¬ 
vided: A crystal can be used If high accuracy frequency 
measurements are desired, or a simple RC option can be 
used for low-end Instruments. 


A "peak reading hold" input allows the TC820 to retain 
the highest A/D or frequency reading. This feature is useful 
In measuring motor starting current, maximum tempera¬ 
ture, and similar applications. 

A family of instruments can be created with the TC821 
and TC820. No additional design effort Is required to create 
instruments with 3-1/2 and 3-3/4 digit resolution. The TC821 
can also reduce parts count in existing high-end 7106-type 
designs. 

The TC820 and TC821 operate from a single 9V battery, 
with typical power of 10 mW. Packages Include a 40-pin 
DIP, 44-pin plastic flat package, and 44-pin PLCC. 


COMPETITIVE EVALUATION 


Features 

TC820 

7106 

3-3/4 Digit Resolution 

Yes 

No 

Auto-Ranging Frequency Counter 

Yes 

No 

Logic Probe 

Yes 

No 

Decimal Point Drive 

Yes 

No 

Peak Reading Hold 
(Frequency or Voltage) 

Yes 

No 

Display Hold 

Yes 

No 

Simple 10:1 Range Change 

Yes 

No 

Buzzer Drive 

Yes 

No 

Low Battery Detection 

With Annunciator 

Yes 

No 

Overrange Detection 

With Annunciator 

Yes 

No 

Low Drift Reference 

Yes 

No 

Underrange/Overrange 

Logic Output 

Yes 

No 

Input Overload Display 

"OL" 

"1" 

LCD Annunciator Driver 

Yes 

No 

LCD Drive Type 

Triplexed 

Direct 

LCD Pin Connections 

15 

24 

LCD Elements 

36 

23 
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PIN CONFIGURATIONS 


SEGMENTS L-E4 pT 

SEGMENTS AGD4[X 

SEGMENTS BC4P3 [T 
SEGMENTS HFE3 [T 
SEGMENTS AGD3 fT 
SEGMENTS BC3P2 [T 
SEGMENTS OFE2 [T 
SEGMENTS AGD2 fT 
SEGMENTS BCP1 fT 
SEGMENTS PKFE1 QF 
SEGMENTS AGD1 (TT 
SEGMENTS BC1BT flF 
BP3[l3~ 
BP2QT 
BP1 Rs" 
dgndRF 
ANNUNC QF 
LOGIC QF 
RANGE/FREQ QF 
DPO/LOfFo' 


TC820CPL 

TC821CPL 


Q LU ^ O '9' 

O u. O o 

< X m < 


o 

CM |3E 

o o o 

o o ' 


(T]r?1[Tl|T|[2l[T|[^pi>]|^I^W 


4^ v| 

39l 0SC3 
lei 0SC2 
~ 37 ] 0SC1 
I6]V,NT 
35]Caz 

FTI Vbuff 
3ll ViN 

ID ''ref 

ID vggp 

J^Cref 

ID CrEF 
It] com 

26] Vs 

~25l PK HOLD 
FT| FRECWOLTS 
IF] BUZIN 
IF] BUZ OUT 

ID DP1/HI 


BC3P2 

OFE2 

AGD2 

BC2P1 

PKFE1 

AGD1 

BP1BT 

BP3 

BP2 

BP1 

Vdisp 


[1 

[I 

[I 

Es 

El 

[13 

El 

02 


TC820CLW 

TC821CLW 


|18| |19| |20| |2l| |22| |23| |24l 


O O 

o 


a 



■^Caz 
^ ''buff 

^''Pn 

13 ''in 
''ref 
13 ''ref 
^Sef 

^^REF 

^COM 
^ OR 
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o o 

W CO 

o o 
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OFE2 

AGD2 

BCP2P1 

PKFE1 

AGD1 

BP1BT 

BP3 

BP2 

BP1 

''disp 


[I • 
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E 
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TC821CKW 
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ABSOLUTE MAXIMUM RATINGS (Notes) 

Supply Voltage (Vs"^ to GND).15V 

Analog Input Voltage (Either Input) (Note 1).Vs"^ to Vs" 

Reference Input Voltage (Either Input).Vs"^ to Vs" 

Digital Inputs. .Vs'^to DGND 

Vdisp .Vs"*^ to DGND —0.3V 

Power Dissipation, Plastic Package (Note 2).800 mW 

Operating Temperature Range 

"C" Devices.0°C to +70°C 

"E" Devices.-40°C to +85°C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec) . 300°C 

Static-sensitive devices. Unused devices should be stored in conductive 
material to protect against static discharge and static fields 


NOTES: 1. Input voltages may exceed the supply voltages provided 
that input current is limited to ±100 pA. Current above this 
value may result in invalid display readings but will not 
destroy the device if limited to ±1 mA. 

2. Dissipation ratings assume device is mounted with all leads 
soldered to printed circuit board. 

3. Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. 
These are stress ratings only, and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of the specifications is 
not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


ELECTRICAL CHARACTERISTICS: Vs = 9V. Ta = 25°C 


Symbol Parameter Test Conditions 

Min 

Typ 

Max 

Units 

Zero Input Reading Vin = OV 

Full Scale = 200 mV 
(Vfs = 200 mV for TC821) 

-000 

±000 

+000 

Digital 

Reading 

RE Roll-Over Error V|n = ±390 mV 

Full-Scale = 400 mV 
(V|n = ±190 mV. 

Vfs = 200 mVforTC821) 

-1 

±0.2 

+1 

Counts 

NL Nonlinearity (Maximum Full-Scale = 400 mV 

Deviation From Best (Vfs = 200 mV for TC821) 

Straight Line Fit) 

-1 

±0.2 

+1 

Count 

Ratiometric Reading Vin = Vref, TC820 

ViN = Vref. TC821 

1999 

999 

1999/2000 

999/1000 

2000 

1000 

Digital 

Reading 

CMRR Common-Mode Rejection Vcm = ±1V, V;n = OV 

Ratio Full-Scale = 400 mV 

(Vfs = 200 mV forTC820) 


50 


pVA/ 

VCMR Common-Mode Voltage Input High, Input Low 

Range 

Vs'+I.s 

— 

Vs^-1 

V 

eN Noise (P-P Value Not V|n = OV 

Exceeded 95% of Time) Full-Scale = 400 mV 

(Vfs = 200 mV for TC820) 


15 


pV 

!in Input Leakage Current V|n = OV 

Ta = 25®C 

0"C ^ Ta ^ +70®C 
-40°C Ta ^ +85°C 

— 

1 

20 

100 

10 

pA 

VcoM Analog Common Voltage 25 kQ Between Common and Vs'*’ 

(Vs'*' - Vcom) 

3.15 

3.3 

3.45 

V 

VcTC Common Voltage 25 kQ Between Common and Vs"*" 

Temperature Coefficient 0®C ^ Ta +70®C 

-40®C ^ Ta ^ +85‘»C 

— 

35 

50 

50 

ppm/°C 

TCzs Zero Reading Drift Vin = OV 

0°C ^ Ta ^ +70°C 
-40°C ^ Ta ^ +85‘*C 

— 

0.2 

1 

— 

pV/°C 

TCfs Scale Factor V|n = 399 mV 

Temperature Coefficient (V|n = 199 mVforTC821) 

0°C ^ Ta ^ +70°C 
-40°C ^ Ta ^ +85°C 

Ext Ref = 0 ppm/°C 

— 

1 

5 

5 

ppm/°C 
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ELECTRICAL CHARACTERISTICS (Cont.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Is 

Supply Current 

> 

o 

II 

2 

> 

_ 

1 

1.5 

mA 


Peak-to-Peak Backplane 
Drive Voltage 

Vs = 9V 

Vdisp = DGND 

4.5 

4.7 

5.3 

V 


Buzzer Frequency 

fosc = 40 kHz ! 

— 

5 

— 

kHz 


Counter Timebase Period 

fosc = 40 kHz 

— 

1 

— 

Second 


Low Battery Flag Voltage 

Vs"*^ to Vs~ 

6.7 

7 

7.3 

V 

VlL 

Input Low Voltage 


— 

— 

DGND-i-1.5 

V 

V,H 

Input High Voltage 


Vs*-1.5 

— 

— 

V 

VoL 

Output Low Voltage, 

UR, OR Outputs 

II = 50 pA 

— 

— 

DGND+0.4 

V 

VoL 

Output High Voltage, 

UR, OR Outputs 

II = 50 pA 

Vs*-1.5 

— 

— 

V 


Control Pin 

Pull-Down Current 

+ 

II 

2 

> 

— 

5 

— 

pA 


PIN DESCRIPTION 


Pin No. 
(40-Pin 
Packagel) 

Pin No. 
(44-Pin Flat 
Package) 

Symbol 

Description 

1 

40 

L-E4 

LCD segment driver for L (“logic low"), polarity, and "e" segment of most 
significant digit (MSD). 

2 

41 

AGD4 

LCD segment drive for "a," "g," and "d" segments of MSD. 

3 

42 

BC4P3 

LCD segment drive for "b" and "c" segments of MSD and decimal point 3. 

4 

43 

HFE3 

LCD segment drive for H ("logic high"), and "f" and "e" segments of third LSD. 

5 

44 

AGD3 

LCD segment drive for "a," "g," and "d" segments of third LSD. 

6 

1 

BC3P2 

LCD segment drive for "b" and “c" segments of third LSD and decimal point 2. 

7 

2 

OFE2 

LCD segment drive for “overrange," and "f" and "e" segments of second LSD. 

8 

3 

AGD2 

LCD segment drive for "a," "g," and "d" segments of second LSD. 

9 

4 

BC2P1 

LCD segment drive for "b" and "c" segments of second LSD and decimal point 1. 

10 

5 

PKFE1 

LCD segment drive for "hold peak reading," and "f" and "e" segments of LSD. 

11 

6 

AGD1 

LCD segment drive for "a," "g," and "d" segments of LSD. 

12 

7 

BC1BT 

LCD segment drive for "b" and "c" segments of LSD and "low battery." 

13 

8 

BP3 

LCD backplane #3. 

14 

9 

BP2 

LCD backplane #2. 

15 

10 

BP1 

LCD backplane #1. 

— 

11 

Vdisp 

Sets peak LCD drive signal: Vreak = (Vs'^) -Vdisp- Vdisp may also be used to 
compensate for temperature variation of LCD crystal threshold voltage. 

16 

12 

DGND 

Internal logic digital ground, the logic "0" level. Nominally 4.7V below Ms*. 

17 

13 

ANNUNC 

Square-wave output at the backplane frequency, synchronized to BPI. ANNUNC 
can be used to control display annunciators. Connecting an LCD segment to 
ANNUNC turns it on; connecting it to its backplane turns it off. 


1-53 



DISPLAY A/D CONVERTERS 
WITH FREQUENCY COUNTER 
AND LOGIC PROBE 


TC820 (3-3/4 DIGIT) 
TC821 (3-1/2 DIGIT) 


PIN DESCRIPTION (Cont.) 


Pin No. 
(40-Pin 

Pin No. 
(44-Pin Flat 



Packagel) 

Package) 

Symbol 

Description 

18 

14 

LOGIC 

Logic mode control input. When connected to Vs^ the converter is in logic mode. 

The LCD displays "OL” and the decimal point inputs control the "high" and "low" 
annunciators. When the "low" annunciator is on, the buzzer will also be on. When 
unconnected or connected to DGND, the TC820 is in the voltage/frequency 
measurement mode. This pin has a 5 pA internal pull-down to DGND. 

19 

15 

RANGE/ 

FREQ 

Dual-purpose input. In range mode, when connected to Vs^, the integration time 
will be 200 counts instead of 2000 counts (100 instead of 1000 counts for TC821), 
and the LCD will display the analog input divided by 10. (See text for limitation with 
TC820.) In frequency mode, this pin is the frequency input. A digital signal applied 
to this pin will be measured with a 1 -second time base. There is an internal 

5 pA pull-down to DGND. 

20 

16 

DPO/LO 

Dual-purpose input. Decimal point select input for voltage measurements. In logic 
mode, connecting this pin to Vs"^ will turn on the "low" LCD segment. There is an 
internal 5 pA pull-down to DGND in volts mode only. Decimal point logic: 

DPI DPO Decimal Point Selected 

0 0 None 

0 1 DPI 

1 0 DP2 

1 1 DP3 

21 

17 

DPI/HI 

Dual-purpose input. Decimal point select input for voltage measurements. In logic 
mode, connecting this pin to Vs"*" will turn on the "high" LCD segment. There is an 
internal 5 pA pull-down to DGND in volts mode only. 

22 

18 

BUZOUT 

Buzzer output. Audio frequency, 5 kHz, output which drives a piezoelectric buzzer. 

23 

19 

BUZIN 

Buzzer control input. Connecting BUZIN to Vs'^ turns the buzzer on. BUZIN is 
logically ORed (internally) with the "logic level low" input. There is an internal 5 pA 
pull-down to DGND. 

24 

20 

FREQ/ 

VOLTS 

Voltage or frequency measurement select input. When unconnected, or connected 
to DGND, the A/D converter function is active. When connected to Vs"^, the 
frequency counter function is active. This pin has an internal 5 pA pull-down 
to DGND. 

25 

21 

PKHOLD 

Peak hold input. When connected to Vs"^, the converter will only update the display 
if a new conversion value is greater than the preceding value. Thus, the peak 
reading will be stored and held indefinitely. When unconnected, or connected to 
DGND, the converter will operate normally. This pin has an internal 5 pA pull-down 
to DGND. 


22 

UR 

Underrange output. This output will be high when the digital reading is 380 counts 
or less (=^180 counts for TC821). 


23 

OR 

Overrange output. This output will be high when the analog signal input is greater 
than full scale. The LCD will display "OL" when the input is overranged. 

26 

24 

Vs" 

Negative supply connection. Connect to negative terminal of 9V battery. 

27 

25 

COM 

Analog circuit ground reference point. Nominally 3.3V below Vs'^. 

28 

26 

Cref"^ 

Positive connection for reference capacitor. 

29 

27 

Cref“ 

Negative connection for reference capacitor. 

30 

28 

Vref" 

High differential reference input connection. 

31 

29 

Vref“ 

Low differential reference input connection. 

32 

30 

ViN- 

Low analog input signal connection. 
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PIN DESCRIPTION (Cont.) 

Pin No. 
(40-Pin 
Package!) 

Pin No. 
(44-Pin Flat 
Package) 

Symbol 

Description 

33 

31 

V,n" 

High analog input signal connection. 

34 

32 

Vbuff 

Buffer output. Connect to integration resistor. 

35 

33 

Caz 

Auto-zero capacitor connection. 

36 

34 

Vint 

Integrator output. Connect to integration capacitor. 


35 

EOC/ 

HOLD 

Bidirectional pin. Pulses low (i.e., from Vs" to DGND) at the end of each 
conversion. If connected to Vs", conversions will continue, but the display is not 
updated. 

37 

36 

OSC1 

Crystal oscillator (input) connection. 

38 

37 

OSC2 

Crystal oscillator (output) connection. 

39 

38 

OSC3 

RC oscillator connection. 

40 

39 

Vs" 

Positive power supply connection, typically 9V. 


ORDERING INFORMATION 
Surface-Mount Devices 


Part No. 

Resolution 

Package 

Temperature 

Range 

TC820CKW 

3-3/4 Digits 

44-Pin Plastic 
Flat Package 

0°C to -i-70‘’C 

TC820CLW 

3-3/4 Digits 

44-Pin Plastic 
Leaded Chip 
Carrier (PLCC) 

O^'C to -i-70°C 

TC820EKW 

3-3/4 Digits 

44-Pin Plastic 
Flat Package 

-40°C to -f85®C 

TC820ELW 

3-3/4 Digits 

44-Pin Plastic 
Leaded Chip 
Carrier (PLCC) 

-40°C to +85°C 

TC821CKW 

3-1/2 Digits 

44-Pin Plastic 
Flat Package 

0°C to -i-70°C 

TC821CLW 

3-1/2 Digits 

44-Pin Plastic 
Leaded Chip 
Carrier (PLCC) 

O^’C to -f70‘‘C 

TC821EKW 

3-1/2 Digits 

44-Pin Plastic 
Flat Package 

-40°C to +85«C 

TC821ELW 

3-1/2 Digits 

44-Pin Plastic 
Leaded Chip 
Carrier (PLCC) 

-40®C to +85°C 


40-Pin DIPS 


Part No. 

Resolution 

Temperature Range 

TC820CPL 

3-3/4 Digits 

0'’C to +70‘‘C 

TC820EPL 

3-3/4 Digits 

-40°C to +85°C 

TC821CPL 

3-1/2 Digits 

O^C to +70‘’C 

TC821EPL 

3-1/2 Digits 

-40‘’C to +85°C 

TC820/TC821 Comparison 



Device 

Feature 

TC820 

TC821 

Resolution 

3-3/4 Digits 3-1/2 Digits 

All Other Features 

Yes 

Yes 

(Counter, Logic, etc.) 
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FUNCTIONAL DIAGRAM 



BUZZER 

DRIVER 


RANGE/ 

FREQ 

FREQ/ 

VOLTS 


LOGIC 

DPO/LO 

DPI/HI 
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Figure 1. Typical Operating Circuit 


FEATURES 

The TC820 and TC821 combine the features of an 
analog-to-digital converter (ADC), frequency counter, and 
logic probe, in a single CMOS-integrated circuit. All of the 
TC820 features are shown graphically in the functional 
diagram. With on-chip voltage reference and LCD drive 
circuitry, the TC820 simplifies the design of multi-mode 
measurement instruments. 

The TC820 has a resolution of 3-3/4 digits (3999 
maximum), while the TC821 has a resolution of 3-1/2 digits 
(1999 maximum). The features of both converters are the 
same, so that both 3-3/4 digit and 3-1/2 digit designs can 
be produced with only one PC board design. The differ¬ 
ences between the TC820 and the TC821 primarily affect 
system timing, and are noted in the appropriate sections of 
the data sheet. 


GENERAL THEORY OF OPERATION 
Dual-Slope conversion Principles 

The TC820 analog-to-digital converter operates on the 
principle of dual-slope integration. An understanding of the 
dual-slope conversion technique will aid the user in following 
the detailed TC820 theory of operation following this section. 
A conventional dual-slope converter measurement cycle 
has two distinct phases: 

(1) Input Signal Integration 

(2) Reference Voltage Integration (Deintegration) 

Referring to Figure 2, the unknown input signal to be 
converted is integrated from zero for a fixed time period 
(tiNT), measured by counting clock pulses. A constant 
reference voltage of the opposite polarity is then integrated 


1-57 




DISPLAY A/D CONVERTERS 
WITH FREQUENCY COUNTER 
AND LOGIC PROBE 

TC820 (3-3/4 DIGIT) 

TC821 (3-1/2 DIGIT)__ 



FIXED VARIABLE 

SIGNAL REFERENCE 


INTEGRATE INTEGRATE 

TIME TIME 


Figure 2. Basic Dual-Slope Converter 


conversion errors that plague successive approximation 
converters in high-noise environments. Interfering signals, 
with frequency components at multiples of the averaging 
(integrating) period, will be attenuated (Figure 3). Integrat¬ 
ing ADCs commonly operate with the signal integration 
period set to a multiple of the 50/60 Hz power line period. 



0.1/T 1/T 10/T 


INPUT FREQUENCY 


Figure 3. Normal-Mode Rejection of Dual-Slope Converter 


until the integrator output voltage returns to zero. The 
reference integration (deintegration) time (Tdeint) is then 
directly proportional to the unknown input voltage (Vin). 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to "ramp-up" from zero and 
"ramp-down" back to zero. A simple mathematical equation 
relates the input signal, reference voltage, and Integration 
time; 


—^- f Vin (t) dt = ye^EiNT 

RiNtCintJq RiNtCint 

where: Vref = Reference voltage 
tiNT = Integration time 
toEiNT = Deintegration time 


For a constant t int: 


Vin = Vref x 


tpEINT 

tiNT 


Accuracy in a dual-slope converter is unrelated to the 
integrating resistor and capacitor values as long as they 
are stable during a measurement cycle. An inherent benefit 
of the dual-slope technique is noise immunity. Noise spikes 
are integrated or averaged to zero during the integration 
periods, making integrating ADCs immune to the large 


TSC820 THEORY OF OPERATION 
Analog Section 

In addition to the basic integrate and deintegrate dual¬ 
slope phases discussed above, the TC820 design incorpo¬ 
rates a "zero integrator output" phase and an "auto-zero" 
phase. These additional phases ensure that the integrator 
starts at OV (even after a severe overrange conversion), 
and that all offset voltage errors (buffer amplifier, integrator 
and comparator) are removed from the conversion. A true 
digital zero reading is assured without any external adjust¬ 
ments. 

A complete conversion consists of four distinct phases: 

(1) Zero Integrator Output 

(2) Auto-Zero 

(3) Signal Integrate 

(4) Reference Deintegrate 

Zero Integrator Output Phase 

This phase guarantees that the integrator output Is at 
OV before the system zero phase is entered, ensuring that 
the true system offset voltages will be compensated for 
even after an overrange conversion. The duration of this 
phase is 500 counts plus the unused deintegrate counts, 
for both the TC820 and TC821. 
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Auto-Zero Phase 

During the auto-zero phase, the differential input signal 
is disconnected from the measurement circuit by opening 
internal analog switches, and the internal nodes are shorted 
to Analog Common (OV ref) to establish a zero input con¬ 
dition. Additional analog switches close a feedback loop 
around the integrator and comparator to permit comparator 
offset voltage error compensation. A voltage established 
on Caz then compensates for internal device offset voltages 
during the measurement cycle. The auto-zero phase re¬ 
sidual is typically 10 pV to 15 pV. The auto-zero duration is 
1500 counts (750 counts for TC821). 

Signal Integration Phase 

Upon completion of the auto-zero phase, the auto-zero 
loop is opened and the internal differential inputs connect 
to ViN'^ and Vin“. The differential input signal is then 
integrated for a fixed time period, which is 2000 counts 
(4000 clock periods) in the TC820, and 1000 counts (4000 
clock periods) in the TC821. The externally-set clock 
frequency is divided by two (TC820) or four (TC821) before 
clocking the internal counters. The integration time period 
is: 

* 4000 

Note that for the same clock frequency, the TC820 and 
TC821 have the same signal integration time. Therefore, 
the noise rejection performance of the two converters will 
be the same. 

The differential input voltage must be within the device's 
common-mode range when the converter and measured 
system share the same power supply common (ground). If 
the converter and measured system do not share the same 
power supply common, as in battery-powered applications, 
Vin“ should be tied to analog common. 

Polarity is determined at the end of signal integration 
phase. The sign bit is a "true polarity" indication in that 
signals less than 1 LSB are correctly determined. This 
allows precision null detection that is limited only by device 
noise and auto-zero residual offsets. 

Reference Integrate (Deintegrate) Phase 

The reference capacitor, which was charged during the 
auto-zero phase, is connected to the input of the integrat¬ 
ing amplifier. The internal sign logic ensures the polarity of 
the reference voltage is always connected in the phase 
opposite to that of the input voltage. This causes the inte¬ 
grator to ramp back to zero at a constant rate determined 
by the reference potential. 

The amount of time required (Tdeint) for the integrat¬ 
ing amplifier to reach zero is directly proportional to the 


amplitude of the voltage that was put on the integrating 
capacitor (Vint) during the integration phase: 

Pint C|NT Vint 

toEiNT = - r;- 

Vref 

The digital reading displayed by the TC820 is: 

V|N^ — V|n“ 

Digital Count = 2000 —- 

Vref 

For the TC821, the digital reading displayed is: 

Vin"^ — Vin“ 

Digital Count = 1000 —-- 

Vref 

System Timing 

The oscillator frequency is divided by 2 (4 for TC821) 
prior to clocking the internal decade counters. The four- 
phase measurement cycle takes a total of 8000 (4000) 
counts or 16000 (16000) clock pulses. The 8000 (4000) 
count phase is independent of input signal magnitude or 
polarity. 

Each phase of the measurement cycle has the follow¬ 
ing length: 


Conversion Phase 

TC820 

TC821 

Units 

1) Auto-Zero; 

1500 

500 

Counts 

2) Signal Integrate:^ 

2000 

1000 

Counts 

3) Reference Integrate: 

1 to 4001 

1 to 2001 

Counts 

4) Integrator Output Zero: 

499 to 4499 

499 to 2499 

Counts 


NOTES: 1 . This time period is fixed. The integration period for the 
TC820 is; 


tlNT (TC820) = = 2000 counts 

lose 

For the TC821, the integration period is: 

t|NT(TC821) = 4^ = counts 
lose 

where fosc is the clock oscillator frequency. 

2. Times shown are the RANGE/FREQ at logic low (normal 
operation). When RANGE/FREQ is logic high, signal 
integrate times are 200 counts for TC820 and 100 counts 
forTC821. See "10:1 Range Change" section. 

Input Overrange 

When the analog input is greater than full scale, the 
LCD will display "OL" and the "OVERRANGE" LCD an¬ 
nunciator will be on. 

Peak Reading Hold 

The TC820 provides the capability of holding the high¬ 
est (or peak) reading. Connecting the PK HOLD input 
to Vs'^ enables the peak hold feature. At the end of each 
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conversion the contents of the TC820 counter is compared 
to the contents of the display register. If the new reading is 
higher than the reading being displayed, the higher reading 
is transferred to the display register. A “higher" reading is 
defined as the reading with the higher absolute value. 

The peak reading is held in the display register so the 
reading will not "droop" or slowly decay with time. The held 
reading will be retained until a higher reading occurs, the 
PK HOLD input is disconnected from Vs"^, or power is re¬ 
moved. 

The peak signal to be measured must be present 
during the TC820 signal integrate period. The TC820 does 
not perform transient peak detection of the analog input 
signal. However, in many cases, such as measuring tem¬ 
perature or electric motor starting current, the TC820 
"acquisition time" will not be a limitation. If true peak detec¬ 
tion Is required, a simple circuit will suffice. Seethe applica¬ 
tions section for details. 

The peak reading function is also available when the 
TC820 is in the frequency counter mode. The counter auto¬ 
ranging feature is disabled when peak reading hold is 
selected. 

10:1 Range Change 

The analog input full-scale range can be changed with 
the RANGE/FREQ input. Normally, RANGE/FREQ Is held 
low by an Internal pulldown. Connecting this pin to Vs^ will 
increase the full-scale voltage by a factor of 10. No external 
component changes are required. 

The RANGE/FREQ input operates by changing the 
integrate period. When RANG^FREQ is connected to 
Vs"*^, the signal integration phase of the conversion is re¬ 
duced by a factor of 10 (i.e., from 2000 counts to 200 
counts). 

For the TC821 (3-1/2 digit) ADC, the RANGE/FREQ 
input can be used to select between 200 mV and 2V full 
scale. For the TC820, however, the 10:1 range change will 
result in ±4V full scale. This full-scale range will exceed the 
common-mode range of the input buffer when operating 
from a 9V battery. If range changing Is required for the 
TC820, a higher supply voltage can be provided or the 
input voltage can be divided by 2 externally. 

Frequency Counter 

In addition to serving as an analog-to-digital converter, 
the TC820 internal counter can also function as a fre¬ 
quency counter (Figure 4). In the counter mode, pulses at 
the RANGE/FREQ input will be counted and displayed. 


The frequency counter derives its time base from the 
clock oscillator. The counter time base is: 

* fosc 


Thus, the counter will operate with a 1-second time 
base when a 40 kHz oscillator Is used. The frequency 
counter accuracy Is determined by the oscillator accuracy. 
For accurate frequency measurements, a crystal oscillator 
is recommended. 

The frequency counter will automatically select the 
proper range. Auto-range operation extends over four 
decades, from 3.999 kHz to 3.999 MHz (1.999 kHz to 1.999 
MHz for TC821). Decimal points are set automatically in 
the frequency mode (Figure 5). 

The logic switching levels of the RANGE/FREQ input 
are CMOS levels. For best counter operation, an external 
buffer is recommended. See the applications section for 
details. 

Logic Probe 

The TC820 can also function as a simple logic probe 
(Figure 6). This mode is selected when the LOGIC input is 
high. Two dual-purpose pins, which normally control the 
decimal points, are used as logic inputs. Connecting either 
input to a logic high level will turn on the corresponding 
LCD annunciator. When the "low" annunciator is on the 
buzzer will be on. As with the frequency counter input, 
external level shifters/buffers are recommended for the 
logic probe inputs. 

Wh en the logic probe function Is selected while FREQ/ 
VOLTS is low (A/D mode), the ADC will remain in the auto¬ 
zero mode. The LCD will read "OL" and all decimal points 
will be off (Figure 7). _ 

If the logic probe is active while FREQ/VOLTS is high 
(counter mode), the frequency counter will continue to 
operate. The display will read "OL" but the decimal points 
will be visible. If the logic probe input is also connected to 
the RANGE/FREQ input, bringing the LOGIC input low will 
immediately display the frequency at the logic probe input. 

Analog Pin Functional Description 

Differential Signal Inputs (V|n*), (V|n“) 

The TC820 is designed with true differential inputs, 
and accepts input signals within the input stage common¬ 
mode voltage (Vcm) range. The typical range is Vs'^ -1V to 
Vs~ +1.5V. Common-mode voltages are removed from the 
system when the TC820 operates from a battery or floating 
power source (isolated from measured system) and Vs" is 
connected to analog common. (See Figure 8.) 


1-60 



DISPLAY A/D CONVERTERS 
WITH FREQUENCY COUNTER 
AND LOGIC PROBE 

TC820 (3-3/4 DIGIT) 
TC821 (3-1/2 DIGIT) 



D O O O 

D. D. D. D 

DP3 DP2 

DP1 

'in 

DECIMAL POINT 

0 Hz-3999 Hz 


DP3 

4 kHz-39.99 kHz 


DP2 

40 kHz - 399.9 kHz 


DPI 

> 400 kHz 


NONE 


Figure 5. TC820 Auto-Range Decimal Point Selection 
vs Frequency Counter Input 


In systems where common-mode voltages exist, the 
86 dB common-mode rejection ratio minimizes error. 
Common-mode voltages do, however, affect the integrator 
output level. A worst-case condition exists If a large, posi¬ 
tive VcM exists in conjunction with a full-scale, negative 
differential signal. The negative signal drives the integrator 
output positive along with Vcm (Figure 9). For such appli¬ 
cations, the integrator output swing can be reduced below 
the recommended 2V full-scale swing. The Integrator out¬ 
put will swing within 0.3V of Vs^ or Vs“ without increased 
linearity error. 

Reference (Vs*, Vs") 

The TC820 reference, like the analog signal input, has 
true differential inputs. In addition, the reference voltage 
can be generated anywhere within the power supply voltage 
of the converter. The differential reference inputs permit 
ratiometric measurements and simplify interfacing with 
sensors, such as load cells and temperature sensors. 
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Figure 6. Logic Probe Simplified Schematic 



Figure 7. LCD During Logic Probe Operation 


To prevent roll-over-type errors from being induced by 
large common-mode voltages, Cref should be large com¬ 
pared to stray node capacitance. A 0.1 pF capacitor is 
typical. 

The TC820 offers a significantly improved analog 
common temperature coefficient, providing a very stable 
voltage suitable for use as a voltage reference. The 
temperature coefficient of analog common is typically 
35 ppm/°C. 


Analog Common 

The analog common pin is set at a voltage potential 
approximately 3.3V below Vs'*^. This potential is guaran¬ 
teed to be between 3.15V and 3.45V below Vs^. Analog 
common is tied internally to an N-channel FET capable of 
sinking 3 mA. This FET will hold the common line at 3.3V 
below Vs^ should be an external load attempt to pull the 
common line toward Vs"^. Analog common source current 
is limited to 12 pA, and is therefore easily pulled to a more 
negative voltage (i.e., below Vs"^ -3.3V). 

The TC820 connects the internal Vin"^ and Vin" inputs 
to analog common during the auto-zero cycle. During the 
reference integrate phase, Vin~ is connected to analog 
common. If Vin“ is not externally connected to analog 
common, a common-mode voltage exists. This is rejected 
by the converter's 86 dB common-mode rejection ratio. In 
battery-powered applications, analog common and Vin" 
are usually connected, removing common-mode voltage 
concerns. In systems where V|n" is connected to the power 
supply ground or to a given voltage, analog common should 
be connected to V|n~. 

The analog common pin serves to set the analog section 
reference or common point. The TC820 is specifically 
designed to operate from a battery or in any measurement 
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Figure 8. Common-Mode Voltage Removed in Battery Operation With Vin~ = Analog Common 



Figure 9. Common-Mode Voltage Reduces Available 
Integrator Swing (Vcom Vin) 


system where input signals are not referenced (float) with 
respect to the TC820 power source. The analog common 
potential of Vs‘^-3.3V gives a 7V end-of-battery-life voltage. 
The analog common potential has a voltage coefficient of 
0 . 001 %/%. 

With a sufficiently high total supply voltage (Vs"^ - Vs" 
> 7V), analog common is a very stable potential with 
excellent temperature stability (typically 35 ppm/°C). This 
potential can be used to generate the TC820 reference 
voltage. An external voltage reference will be unnecessary 
in most cases, because of the 35 ppm/®C temperature 
coefficient. See the applications section for details. 

Function Control Input Pin 
Functional Description 

The TC820 operating modes are selected with the 
function control inputs. The control input truth table is 
shown in Table I. The high logic threshold is .5V and 

the low logic level is ^DGND -i-l .5V. 


Table I. TC820 Control Input Truth Table 



Logic Input 



FREQ/ 

VOLTS 

RANGE/ 

FREQ 

LOGIC 

TC820/821 

Function 

X 

X 

1 

Logic Probe 

0 

0 

0 

A/D Converter, 
VfULL SCALE = 2 X Vref 

0 

1 

0 

A/D Converter, 
Vfull SCALE = 20 X Vref 

1 

Frequency 
Counter Input 

0 

Frequency Counter 


NOTES: 1. Logic "0" = DGND 
2. Logic "1" = Vs* 


FREQ/VOLTS 

This input determines whether the TC820 is in the 
analog-to-digital conversi on mode or in the frequency 
counter mode. When FREQ/VOLTS is connected to Vs"^, the 
TC820 will measure frequency at the RANGE/FREQ input. 
When unconnected, or connected to DGND, the TC820 will 
operate as an analog-to-digital converter. This input has an 
internal 5 pA pull-down to DGND. 

LOGIC 

The LOGIC input is used to activate the logic probe 
function. When connected to Vs"^, the TC820 will enter the 
logic probe mode. The LCD will show “OL" and all decimal 
points will be off. The decimal point inputs directly control 
"high" and "low" display annunciators. When LOGIC Is 
unconnected, or connected to DGND, the TC820 will per¬ 
form analog-to-digit al or fre quency measurements as se¬ 
lected by the FREQ/VOLTS input. The LOGIC input has an 
internal 5 pA pull-down to DGND. 


1-63 






DISPLAY A/D CONVERTERS 
WITH FREQUENCY COUNTER 
AND LOGIC PROBE 

TC820 (3-3/4 DIGIT) 

TC821 (3-1/2 DIGIT)_ 


RANGE/FREQ 

The function of this dual-purpose pin is determined by 
the FREQ/VOLTS input. When FREQA/OLTS is connected 
to Vs’*’, RANGE/FREQ is the input for the frequency counter 
function. Pulses at this input are counted with a time base 
equal to fosc/40,000. Since this input has CMOS Input 
levels (Vs^ -1.5V and DGND +1.5V), an external buffer is 
recommended. 

When the TC820 analog-to-digital converter function is 
selected, connecting RANGE/FREQ to Vs'*' will divide the 
integration time by 10. Therefore, the RANGE/FREQ input 
can be used to perform a 10:1 range change without 
changing external components. 

DPO/LO, DP1/HI 

The function of these dual-purpose pins is determined 
by the LOGIC input. When the TC820 is in the analog-to- 
digital converter mode, these inputs control the LCD deci¬ 
mal points. The decimal point truth table Is shown in Table II. 
These inputs have Internal 5 pA pull-downs to DGND when 
the voltage/frequency measurement mode is active. 


Table II. TC820 Decimal Point Truth Table 


Decimal Point Inputs 

LCD 

DPI 

DPO 

0 

0 

3999 

0 

1 

399.9 

1 

0 

39.99 

1 

1 

3.999 


Connecting the LOGIC input to Vs^ places the TC820 
in the logic probe mode. In this mode, the DPO/LO and 
DPI/HI inputs control the LCD "low" and "high" annuncia¬ 
tors directly. When DPI/HI is connected to Vs'*', the "high" 
annunciator will turn on. When DPO/LO is connected to 
Vs*^, the "low" annunciator and the buzzer will turn on. The 
internal pull-downs on these pins are disabled when the 
logic probe function Is selected. 

These inputs have CMOS logic switching thresholds. 
For optimum performance as a logic probe, external level 
shifters are recommended. See the applications section for 
details. 

BUZ IN 

This input controls the TC820 on-chip buzzer driver. 
Connecting BUZ IN to Vs^ will turn the buzzer on. There is 
an external pull-down to DGND. BUZ IN can be used with 
external circuitry to provide additional functions, such as a 
fast, audible continuity indication. 


Additional Features 

The TC820 and TC821 are available in 40-pin and 44- 
pin packages. Several additional features are available in 
the 44-pin package. 

EOC/HOLD 

EOC/HOLD is a dual-purpose, bidirectional pin. As an 
output, this pin goes low for 10 clock cycles at the end of 
each conversion. This pulse latches the conversion data 
into the d isplay driver section of the TC820. 

EOC/HOLD can be used to hold (or "freeze") the dis¬ 
play. Connecting this pin to Vs"*" inhibits the display update 
process. Conv ersions will continue, but the display will not 
change. EOC/HOLD will hold the display reading for either 
analog-to-digital or frequency measure ments . 

The input/output structure of the EOC/HOLD pin is 
shown in Figur e 10. The output drive current is only a few 
microamps, so EOC/HOLD can easily be overdriven by an 
open-collector logic gate, as well as a FET, bipolar transis¬ 
tor, or mechanical switch. When used as an output, EOC/ 
HOLD will have a slow rise and fall time due to the limited 
output current drive. A CMOS Schmitt trigger buffer is 
recommended. 



Overrange (OR), Underrange (UR) 

The OR output will be high when the analog input 
signal is greater than full scale (3999 counts for TC820 and 
1999 counts for TC821). The UR output will be high when 
the display reading is 380 counts or less (=^180 counts for 
TC821). 

The OR and UR outputs can be used to provide an 
auto-ranging meter fun ction. By logically ANDing these 
outputs with the Inverted EOC/HOLD output, a single pulse 
will be generated each time an underranged or overranged 
conversion occurs (Figure 11). 
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Figure 11. Generating Underrange and Overrange Pulses 


Vdisp 

The Vdisp input sets the peak-to-peak LCD drive volt¬ 
age. In the 40-pin package, Vdisp is connected internally to 
DGND, providing a typical LCD drive voltage of 5 Vp.p. the 
44-pin package includes a separate Vdisp input for appli¬ 
cations requiring a variable or temperature-compensated 
LCD drive voltage. See the applications Information for 
suggested circuits. 

APPLICATIONS INFORMATION 
Power Supplies 

The TC820 is designed to operate from a single power 
supply such as a 9V battery (Figure 12). The converter will 
operate over a range of 7V to 15V. For battery operation, 
analog common (COM) provides a common-mode bias 
voltage (see analog common discussion in the theory of 
operation section). However, measurements cannot be 
referenced to battery ground. To do so will exceed the 
negative common-mode voltage limit. 



Figure 12. Powering the TC820/821 From a Single 9V Battery 


A battery with voltage between 3.5V and 7V can be 
used to power the TC820, when used with a voltage doubler, 
as shown in Figure 13. The voltage doubler uses the 
TC7660 and two external capacitors. With this configura¬ 
tion measurements can be referenced either to Analog 
Common or to battery ground. 

Digital Ground (DGND) 

Digital ground is generated from an internal zener diode 
(Figure 14). The voltage between Vs^ and DGND Is the In¬ 
ternal supply voltage for the digital section of the TC820. 
DGND will sink a minimum of 3 mA. 

DGND establishes the low logic level reference for the 
TC820 mode select inputs, and for the frequency and logic 
probe inputs. The DGND pin can be used as the negative 
supply for external logic gates, such as the logic probe 
buffers. To ensure correct counter operation at high fre¬ 
quency, connect a 1 pF capacitor from DGND to Vs^. 

DGND also provides the drive voltage for the LCD. The 
TC820 40-pln package internally connects the LCD Vdisp 
pin to DGND, and provides an LCD drive voltage of about 
5 Vp.p. In the 44-pin package, connecting the Vdisp pin to 
DGND will provide a 5V LCD drive voltage. 

Digital Input Logic Levels 

Logic levels for the TC820 digital inputs are referenced 
to Vs"^ and DGND. The high-level threshold Is Vs"^ -1.5V 
and the low logic level is DGND +1.5V. In most cases. 



Figure 13. Powering the TC820/821 From a Low-Voltage Battery 
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digital inputs will be connected directly to with a 
mechanical switch. CMOS gates can also be used to 
control the logic inputs, as shown in the logic probe inputs 
section. 

Clock Oscillator 

The TC820 oscillator can be controlled with either a 
crystal or with an inexpensive resistor-capacitor combina¬ 
tion. The crystal circuit, shown in Figure 15, is recom¬ 
mended when high accuracy is required in the frequency 
counter mode. The 40 kHz crystal is a standard frequency 
for ultrasonic alarms, and will provide a 1-second time 
base for the counter or 2.5 analog-to-digital conversions 
per second. Consult the crystal manufacturer for detailed 
applications information. 

Where low cost is important, the R-C circuit of Figure 
16 can be used. The frequency of this circuit will be ap¬ 
proximately: 




Typical values are R = 10 kQ and C = 68 pF. The re¬ 
sistor value should be ^100 kn. For accurate frequency 
measurement, an R-C oscillator frequency of 40 kHz is 
required. 

System Timing 

All system timing is derived from the clock oscillator. 
The clock oscillator is divided by 2 (4 for TC821) prior to 
clocking the A/D counters. The clock Is also divided by 8 to 
drive the buzzer, by 240 to generate the LCD backplane 
frequency, and by 40,000 for the frequency counter time 
base. A simplified diagram of the system clock is shown in 
Figure 17. 

Component Value Selection 

Auto Zero Capacitor — Caz 

The value of the auto-zero capacitor (Caz) has some 
Infli^fence on system noise. A 0.47 pF capacitor is recom¬ 
mended; a low dielectric absorption capacitor (Mylar) is 
required. 

Reference Voltage Capacitor — Cref 

The reference voltage capacitor used to ramp the inte¬ 
grator output voltage back to zero during the reference 
integrate cycle is stored on Cref- A 0.1 pF capacitor is 
typical. A good quality, low leakage capacitor (such as 
Mylar) should be used. 

Integrating Capacitor — Cint 

C|nt should be selected to maximize Integrator output 
voltage swing without causing output saturation. Analog 
common will normally supply the differential voltage 
reference. For this case, a ±2V integrator output swing Is 
optimum when the analog input is near full scale. For 2.5 
readings/second (fosc = 40 kHz) and Vfs = 400 mV, a 
0.22 pF value Is suggested. If a different oscillator frequency 
is used, Cint must be changed in inverse proportion to 
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Figure 17. System Clock Generation 


maintain the nominal ±2V integrator swing. An exact 
expression for Cint is: 

4000 Vfs 

C|NT = - 

Vint Rint fosc 

where: fosc = Clock frequency 

Vfs = Full-scale input voltage 

Rint = Integrating resistor 

Vint = Desired full-scale integrator output swing 


Reference Voltage Selection 

A full-scale reading (4000 counts for TC820 and 2000 
counts for TC821) requires the input signal be twice the 
reference voltage. 


Table III. Reference Voltage Selection 


Full-Scale 

TC820 

TC821 

Input Voltage 
(Vfs) (Note 1) 

Vref 

Resolution 

Vref 

Resolution 

200 mV 

Note 2 


100 mV 

100 |IV 

400 mV 

200 mV 

100 ^iV 

200 mV 

200 ^iV 

IV 

500 mV 

250 ^V 

500 mV 

500 ^iV 

2V 

(Notes 3, 4) 

IV 

500 )iV 

IV 

1 mV 


NOTES: 1. TC820/821 in A/D converter mode, RANGE/FREQ = logic 
low. 

2. Not recommended. 

3. Vfs > 2V may exceed the input common mode range. 

See "10:1 Range Change" section. 

4. Full-scale voltage values are not limited to the values 
shown. For example, TC820 Vfs can be any value from 
400 mV to 2V. 

In some applications, a scale factor other than unity 
may exist between a transducer output voltage and the 
required digital reading. Assume, for example, that a pres¬ 
sure transducer output is 800 mV for 4000 Ib/in^. Rather than 
dividing the input voltage by two, the reference voltage 
should be set to 400 mV. This permits the transducer input 
to be used directly. 

The Internal voltage reference potential available at 
analog common will normally be used to supply the 
converter's reference voltage. This potential is stable 
whenever the supply potential is greater than approximately 
7V. The low-battery detection circuit and analog common 
operate from the same internal reference. This ensures 
that the low-battery annunciator will turn on at the time the 
internal reference begins to lose regulation. 

The TC820 can also operate with an external refer¬ 
ence. Figure 18 shows internal and external reference 
applications. 


C|nt rnust have low dielectric absorption to minimize 
roll-over error. A polypropylene capacitor Is recommended. 

Integrating Resistor — Rint 

The input buffer amplifier and integrator are designed 
with class A output stages. The Integrator and buffer can 
supply 40 jiA drive currents with negligible linearity errors. 
Rint is chosen to remain in the output stage linear drive 
region but not so large that printed circuit board leakage 
currents induce errors. For a 400 mV full scale, Rint should 
be about 100 kQ. 


Ratiometric Resistance Measurements 

The TC820 true differential input and differential refer¬ 
ence make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with re¬ 
spect to a known standard resistance. No accurately de¬ 
fined reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current is passed through the pair (Fig¬ 
ure 19). The voltage developed across the unknown is 
applied to the Input and voltages across the known resistor 
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Figure 18. Reference Voltage Connections 



Figure 20. Frequency Counter External Buffer 



Figure 19. Low Parts Count Ratiometric Resistance Measurement 


applied to the reference input. If the unknown equals the 
standard, the input voltage will equal the reference voltage 
and the display will read 2000 (1000 for TC821). The 
displayed reading can be determined from the following 
expression: 


Logic Probe Inputs 

The DPO/LO and DPI/HI inputs provide the logic probe 
inputs when the LOGIC Input is high. Driving either DPO/ 
LO or DPI/HI to a logic high will turn on the appropriate 
LCD annunciator. When DPO/LO is high, the buzzer will 
be on. 

To provide a "single input" logic probe function, exter¬ 
nal buffers should be used. A simple circuit is shown In 
Figure 21. This circuit will turn the appropriate annunicator 
on for high and low level inputs. 

If carefully controlled logic thresholds are required, a 
window comparator can be used. Figure 22 shows a typi¬ 
cal circuit. This circuit will turn on the high or low annun¬ 
ciators when the logic thresholds are exceeded, but the 
resistors connected from DPO/LO and DPI/HI to DGND 
will turn both annunciators off when the logic probe is 
unconnected. 


Displayed reading = 


Runknown 

Rstandard 


X 2000 


The display will overrange for values of Runknown ^ 2 
X Rstandard- 


Buffering the FREQ Input 

When the FREQ/VOLTS input is high and the LOGIC 
input is low, the TC820 will count pulses at the RANGE/ 
FREQ input. The time base will be fosc/40,000, or 1 sec¬ 
ond with a 40 kHz clock. The signal to be measured should 
swing from Vs"^ to DGND. The RANGE/FREQ input has 
CMOS input levels without hysteresis. For best results, 
especially with low-frequency sine-wave inputs, an external 
buffer with hysteresis should be added. A typical circuit is 
shown in Figure 20. 



Figure 21. Simple External Logic Probe Buffer 
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The TC820 logic inputs are not latched Internally, so 
pulses of short duration will usually be difficult or impos¬ 
sible to see. To display short pulses properly, the input 
pulse should be "stretched." The circuit of Figure 22 shows 
capacitors added across the input pull-down resistors to 
stretch the Input pulse and permit viewing short-duration 
input pulses. 

External Peak Detection 

The TC820 will hold the highest A/D conversion or 
frequency reading Indefinitely when the PK HOLD input is 
connected to Vs"^. However, the analog peak Input must be 
present during the A/D converter's signal Integrate period. 
For slowly changing signals, such as temperature, the 
peak reading will be properly converted and held. 

If rapidly changing analog signals must be held, an 
external peak detector should be added. An inexpensive 
circuit can be made from an op-amp and a few discrete 
components, as shown in Figure 23. The droop rate of the 
external peak detector should be adjusted so that the held 
voltage will not decay below the desired accuracy level 
during the converter's 400 ms conversion time. 

Liquid Crystal Display (LCD) 

The TC820 drives a triplex (multiplexed 3:1) LCD with 
three backplanes. The LCD can include decimal points, 
polarity sign, and annunciators for overrange, peak hold, 
high and low logic levels, and low battery. Table IV shows 
the assignment of the display segments to the backplanes 
and segment drive lines. The backplane drive frequency is 
obtained by dividing the oscillator frequency by 240. 



Backplane waveforms are shown in Figure 24. These 
appear on outputs BP1, BP2, and BP3. They remain the 
same regardless of the segments being driven. 

Other display output lines have waveforms that vary 
depending on the displays values. Figure 25 shows a set of 
waveforms for the a, g, d outputs of one digit for several 
combinations of "on" segments. 


Table IV. LCD Backplane and Segment Assignments 


40-Pin DIP 
Pin No. 

44-Pin 
Flat Pkg 
Pin No. 

LCD 
Display 
Pin No. 

BP1 

BP2 

BPS 

1 

40 

3 

LOW 


E4 

2 

41 

4 

A4 

G4 

D4 

3 

42 

5 

B4 

C4 

DP3 

4 

43 

6 

HIGH 

F3 

E3 

5 

44 

7 

A3 

G3 

D3 

6 

1 

8 

B3 

C3 

DP2 

7 

2 

9 

OVER 

F2 

E2 

8 

3 

10 

A2 

G2 

D2 

9 

4 

11 

B2 

C2 

DPI 

10 

5 

12 

PEAK 

FI 

E1 

11 

6 

13 

A1 

G1 

D1 

12 

7 

14 

B1 

Cl 

BATT 

13 

8 

2,16* 

— 

— 

BP3 

14 

9 

1 

— 

BP2 

— 

15 

10 

15 

BP1 

— 

— 


‘Connect both pins 2 and 16 of LCD to TC820 BPS output. 
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ALL OFF 


I r-F 


\nsp 


a SEGMENT 
ON 
d, g OFF 


a,gON 

dOFF 






Q 

1 1 
1 1 









— 



- Vl 

''disp 


Figure 25. Typical Display Output Waveforms 



LCD Source 

Although most users will design their own custom LCD, 
a standard display for the TC820 (Figure 26), Part No. ST- 
1355-M1, is available from: 

Crystaloid (USA) Crystaloid (Europe) 

Crystaloid Electronics Rep France 

P.O. Box 628 102, rue des Nouvelles 

5282 Hudson Dr. F92150 Suresnes 

Hudson, OH 44238 France 

Phone: (216) 655-2429 Phone: 33-1 -42 04 29 25 

Fax: (216) 655-2176 Fax: 33-1-45 06 46 99 

This display can also be used with the TC821. 

Annunciator Output 

The annunciator output is a square wave running 
at the backplane frequency (for example, 167 Hz when 
fosc = 40 kHz). The peak-to-peak amplitude is equal to 
(Vs'^ - Vdisp). Connecting an annunciator of the LCD to the 
annunciator output turns it on; connecting it to its backplane 
turns it off. 

LCD Drive Voltage (Vdisp) 

The peak-to-peak LCD drive voltage is equal to (Vs"^ 
- Vdisp)- In the 40-pin dual-in-line package (DIP), Vdisp is 
internally connected to DGND, providing a typical LCD 
drive voltage of 5 Vp.p. 

For applications with a wide temperature range, some 
LCDs require that the drive levels vary with temperature to 
maintain good viewing angle and display contrast. In this 
case, the TC820 44-pin package provides a pin connection 
for Vdisp- Figure 27 shows TC820 circuits that can be 
adjusted to give a temperature compensation of about 
1 0 mV/"’C between Vs^ and Vdisp- The diode between GND 
and Vdisp should have a low turn-on voltage because Vdisp 
cannot exceed 0.3V below GND. 

Crystal Source 

Two sources of the 40 kHz crystal are: 

SPK Electronics 
2F-1,No. 312, Sec 4, 

Jen Ai Rd 

Taipei, Taiwan R.O.C. 
Phone: (02)754-2677 
Fax: 886-2-708-4124 
Part#: QRT-38-40.0 kHz 


Statek Corp 
512 N. Main St 
Orange, CA 92668 
Phone: (714)639-7810 
Fax: (714) 997-1256 
Part#: CX-lV-40.0 
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TC822 

TC823 


3-3/4 DIGIT LCD ANALOG TO DIGITAL CONVERTER 

FEATURES 


■ 3-3/4 Digit (3999 maximum) Resolution 

■ 3V Battery Operation 

— On-Chip DC-to-DC Converter 

■ Low Power Operation 

— Supply Current 400 pA Typical 

■ Differential Signal Inputs 

■ Differential Reference Inputs 

■ LCD with Triplexed drive 

— 3-3/4 Digit Resolution 

— 3 Decimal Points 

— LCD Annunciator Driver Output 
— Low-battery and Hold Annunciators 


■ Op-amp for AC-to-DC Converter 

■ Display HOLD with LCD Annunciator 

■ Low-battery Detect with LCD Annunciator 

■ On-chip Band-gap Reference 

■ Crystal Oscillator 

■ 40-Pin DIP or 44-Pin Flat Package 


FUNCTIONAL DIAGRAM 



1092-1 
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GENERAL DESCRIPTION 

The TC822 is a 3-3/4 digit LCD analog-to-digital con¬ 
verter ADC which operates from a single 3V battery. Product 
designs utilizing the TC822 offer higher performance, lower 
parts count and smaller size than 7106-based designs, 
while the 3V battery permits a wide variety of packaging 
options. 

All active components necessary to construct a 0.025% 
resolution measurement system are included on the TC822. 
Only external resistors and capacitors, an LCD and a battery 
are required. 

The TC822 Includes features which must be added 
externally with ADCs such as the 7106. LCD decimal point 
drivers, low-battery detection, and data hold function with 
LCD annunciator are all on chip. No external exclusive-OR 
gates are required. An operational amplifier, which can be 
used for an AC-to-DC converter or resistance measurement 
current source, is also included. 

Differential signal inputs with 1 pA leakage simplify 
system design. Differential reference inputs permit ratiometric 
measurements, while retaining the data HOLD function. 
Either the internal 1.3V band-gap reference or an external 
reference can be used. 

The TC822 LCD drive Includes 3-3/4 digits, decimal 
points, and HOLD and low-battery annunciators. Thetriplexed 
LCD requires only 14 interconnects, which increases reli¬ 
ability and simplifies mechanical design. 

Package options Include a 40-pin DIP and 44-pin plastic 
leaded chip carrier (PLCC), and compact flat packages. The 
many on-chip features of the TC822, combined with the 


compact flat package and 3V battery, permit the design of 
very small, high quality, economical Instruments. 

The TC823 offers all the features of the TC822, but with 
a resolution of 3-1/2 digits. 

ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vs'*' to GND).+4.7V 

Analog Input Voltage (either input).Vs'*' to Vs“ 

(Note 1) 

Reference Input Voltage (either input).Vs^ to Vs" 

Op Amp Input Voltage (either input)..Vs"*^ to Vs" 

Digital Inputs.Vs^ to GND 

Power Dissipation, Plastic Package..800 mW 

Operating Temperature Range 

C Devices.0°C to +70°C 

E Devices.-40°C to +85°C 

Storage Temperature Range.-65°C to +150°C 

Lead Soldering Temperature (10 sec).+300°C 


NOTES: 1 . Input voltages may exceed the supply voltages provided 
that input current is limited to ±100 p.A. Current above this 
value may result in invalid display readings but will not 
destroy the device if limited to ±1 mA. 

2. Dissipation ratings assume device is mounted with all 
leads soldered to printed circuit board. 

3. Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. 
These are stress ratings only and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of the specifications is 
not implied. Exposure to Absolute Maximum Rating 
Conditions for extended periods may affect device 
reliability. 

4. Static-sensitive device. Unused devices must be stored in 
conductive material. Protect devices from static discharge 
and static fields. 


ORDERING INFORMATION 


Part No. 

Resolution 

Digits 

44-Pin Plastic 
Flat Package 

44-Pin Plastic 
Leaded Chip (PLCC) 

40-Pin Plastic 
DIP 

Temperature 

Range 

TC822CKW 

3-3/4 

X 



0°C to -t-TO'C 

TC822CLW 

3-3/4 


X 


0°C to -^70''C 

TC822CPL 

3-3/4 



X 

Q°C to +70°C 

TC822EKW 

3-3/4 

X 



-40°C to -h85‘’C 

TC822ELW 

3-3/4 


X 


-40'’C to ■l■85'='C 

TC822EPL 

3-3/4 



X 

-40'’C to +85°C 

TC823CKW 

3-1/2 

X 



0°C to +70°C 

TC823CLW 

3-1/2 


X 


0°C to +70X 

TC823CPL 

3-1/2 



X 

0°C to +70°C 

TC823EKW 

3-1/2 

X 



-40°C to -I- 85°C 

TC823ELW 

3-1/2 


X 


-40'’C to +85°C 

TC823EPL 

3-1/2 



X 

-40''C to -H 85‘’C 
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ELECTRICAL CHARACTERISTICS: Vs = 3.0 V, Ta = 25° C, Figure 1 Test Circuit 


Symbol Parameter Test Conditions 

Min 

Typ 

Max 

Units 

input 

Zero Input V|n = 0.0V 

Reading Full-Scale = 400 mV 

-0000 

0000 

-fOOOO 

Digital 

Reading 

RE Roll-Over V|n = ±390 mV 

Error Full-Scale = 400 mV 

-1 

±0.2 

+1 

Counts 

NL Non-Linearity Full-Scale = 400 mV 

(Max Deviation from 

Best Straight Line Fit) 


±0.2 

+1 

Count 

Ratiometric Vin = Vref 

Reading 

1999 

1999/ 

2000 

2000 

Digital 

Reading 

En Noise ViN=0.0V 

(p-p value not Full-Scale = 400 mV 

exceeded 95% of time) 


15 


fV 

liN Input Leakage Current V|n= 0.0 V 

Ta=25°C 

0*^0 Ta ^ -f70**C 
-40°C < Ta < +85®C 

— 

20 

100 

10 

100 

250 

pA 

CMRR Common-Mode Vcm = ±0-2V, V|n = 0.0 V 

Rejection Ratio Full-Scale= 400 mV 

— 

50 

— 

pVA/ 

Vcmr Common-Mode Input High, Input Low 

Voltage Range V|n = O.OV, Full-Scale = 400 mV 

GND -0.5 

— 

GND -fO.5 

V 

TCzs Zero Reading Drift V|n=0.0V 

0‘’C<Ta<+70‘‘C 
-40°C < Ta < +85‘»C 

Ext. Ref. 0 ppm/^C 

— 

0.2 

1 

— 

pV/°C 

TCfs Scale Factor V|N = 399 mV 

Temperature 0°C < Ta < +70®C 

Coefficient -40°C < Ta < +85®C 

Ext. Ref. 0 ppm/®C 

— 

±1 

±5 

±5 

±25 

ppm/®C 

Input Voltage Range Vin"^, Vin~ 

Normal Mode + 

Common-Mode Voltage 

GND-0.5 


GND -1-0.5 

V 


Reference 


Vref 

Reference 

Voltage 

Il=25}xA 

(Vref-GND) 

1.25 

1.3 

1.45 

V 

TCVref 

Reference Voltage 
Temperature 

Coefficient 

0°C < Ta < -f-70®C 


50 

- 

ppm/^C 


Op"Amp 


V|OA 

Op-Amp Input 

Offset Voltage 

> 

CO 

II 

CO 

> 

— 

±10 

— ' 

mV 

Op-Amp Input 

Voltage Range 

— 

±2 

— 

V 

Op-Amp Unity 

Gain Frequency 

— 

0.6 

— 

MHz 


Op-Amp Output 

Voltage Swing 

RL=100knto GND 

— 

±2.5 

— 

V 


Op-Amp Slew Rate 

Rl= lOOkQto GND. CL = 50pF 

— 

1 

— 

V/ps 
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ELECTRICAL CHARACTERISTICS (Cont.): Vs = 3.0 V, Ta = 25° C, Figure 1 Test Circuit 


Symbol 

Digital 


Parameter 


Test Conditions 


ViL 

Input Low Voltage 

DP1,DP2, HOLD 

— 

— 

GND +0.5 

V 

V|H 

Input High Voltage 

DP1,DP2, HOLD 

Vs* -0.5 

— 

— 

V 


Control Pin 

Pulldown Current 

VlN = Vs" 

— 

3 

— 

pA 


LCD Drive Voltage 

2V < Vs^ < 4V 

3.1 

3.2 

3.3 

Vp-p 

Power Supply 

Is 

Supply Current 

V|N=0.0V 

Vs^=3.0V 

— 

400 

600 

pA 


Supply Operating 

Voltage Range 

Vs-' toGND 

2 

— 

4 

V 


Low-Battery 

Flag Voltage 

Vs-' toGND 

2.15 

2.25 

2.45 

1_ 

V 


S pF 32 kHz 10 pF 

HI-HDHt—Ih 


« Zi o o o 

ZKD.Zt.D 


1 2 3 4 5 6 7 S 9 10 11 12 13 14 


I ^ I I 34 I 19 I IS I 14 I 13 I 12 I 11 I 10 19 |8 |7 |6 |5 | 16 | 17 | 

OA+ OA- OAO a: 

rv iiJoa.ujQa.uioa.uJoaua.a 
p oooooocsuQoumma 


BUF C,nt Ca; 


CONNECT OA+ TO Vg FOR SUPPLY CURRENT (Ig) MEASUREMENT. 
SEE APPLICATIONS INFORMATION. 


vref ''ref ''ref 



Fiaure 1 Test Circuit 
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PIN CONFIGURATIONS 



PRELIMINARY PIN DESCRIPTION AND FUNCTION, 
TC822 3-3/4 DIGIT A-D CONVERTER, 3V OPERATION 


Pin No. 
(40-Pin 
Package) 

Symbol 

Description 

1 

Vs" 

Positive battery supply connection. Typically 3V. 

2 

OSC1 

Oscillator connection. 

3 

OSC2 

Oscillator connection. 

4 

BUFOSC 

Buffered oscillator output. 

5 

BCDO 

LCD segment drive for ‘b’, ‘c’, and ‘d’ segments of least significant digit (LSD). 

6 

AGEO 

LCD segment drive for ‘a’, ‘g’, and ‘e’ segments of LSD. 

7 

BATF0DP1 

LCD segment drive for LOW-BATTERY, ‘f segment of LSD, and decimal point 1. 

8 

BCD1 

LCD segment drive for ‘b’, ‘c’, and ‘d’ segments of 2nd LSD. 

9 

AGE1 

LCD segment drive for ‘a’, ‘g’, and ‘e’ segments of 2nd LSD. 

10 

HOLDF1DP2 

LCD segment drive for ‘data hold’, ‘f segment of 2nd LSD, and decimal point 2. 

11 

BCD2 

LCD segment drive for ‘b’, ‘c’, and ‘d’ segments of 3rd LSD. 

12 

AGE2 

LCD segment drive for ‘a’, ‘g’, and ‘e’ segments of 3rd LSD. 

13 

-F2DP3 

LCD segment drive for ‘polarity’, f segment of 3rd LSD, and decimal point 3. 

14 

BCD3 

LCD segment drive for ‘b’, ‘c’, and ‘d’ segments of most significant digit (MSD). 

15 

AGE3 

LCD segment drive for ‘a’, ‘g’, and ‘e’ segments of MSD. 

16 

BPS 

LCD backplane #3. 

17 

BP2 

LCD backplane #2. 

18 

BP1 

LCD backplane #1. 

19 

ANNUNC 

Square wave output at the backplane frequency, synchronized to BP1. ANNUNC can be used 
to control display annunciators. Connecting an LCD segment to ANNUNC turns it on; connect¬ 
ing it to its backplane turns it off. 

20 

DPI 

Decimal Point select input. 

21 

DP2 

Decimal Point select input. 

22 

HOLD 

Hold input. Connecting this pin to Vs" will ‘freeze’ the LCD. 
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PRELIMINARY PIN DESCRIPTION AND FUNCTION, 

TC822 3-3/4 DIGIT A-D CONVERTER, 3V OPERATION (Cont.) 


Pin No. 
(40-Pin 
Package) 

Symbol 

Description 

23 

Cint 

Integrator output. Connect to integration capacitor. 

24 

BUF 

Buffer output. Connect to integration resistor. 

25 

Caz 

Autozero capacitor connection. 

26 

Vref" 

High differential reference input connection. 

27 

Cref'^ 

Positive connection for reference capacitor. 

28 

Cref" 

Negative connection for reference capacitor. 

29 

Vref" 

Low differential reference input connection. 

30 

VlN^ 

High analog input signal connection. 

31 

Vin- 

Low analog input signal connection. 

32 

COM 

Analog circuit ground reference point. 

33 

REFOUT 

Output of 1.3V voltage reference. 

34 

OAout 

Output of uncommitted operational amplifier. 

35 

OA- 

Inverting input of uncommitted operational amplifier. 

36 

OA+ 

Noninverting input of uncommitted operational amplifier. 

37 

Vs- 

Output of DC-to-DC converter. Connect a 1 pF capacitor from this pin to power ground. 

38 

C— 

Capacitor connection for DC-to-DC converter. 

39 

GND 

Power ground. 

40 

C+ 

Capacitor connection for DC-to-DC converter. 


FEATURES 

The TC822 and TC823 are high-resolution analog-to- 
digital converters which include all of the active components 
required to build a typical digital multimeter or other mea¬ 
surement instrument. The on-chip op-amp can be config¬ 
ured as a sensor amplifier, AC-to-DC converter, or resistance 
measurement current source. The LCD includes decimal 
points, low-battery detection, and data hold annunciators. A 
DC-to-DC converter permits operation from a single 3V 
battery. With on-chip voltage reference and LCD drive 
circuitry, the TC822 simplifies the design of multi-mode 
measurement instruments. 

The TC822 has a resolution of 3-3/4 digits (3999, 
maximum) while the TC823 has a resolution of 3-1/2 digits 
(1999, maximum). The features of both converters are the 
same, so that both 3-3/4 digit and 3-1/2 digit designs can be 
produced with only one basic design. The differences be¬ 
tween the TC822 and the TC823 primarily affect system 
timing, and are noted in the ADC System Timing section of 
the data sheet. 


GENERAL THEORY OF OPERATION 
Dual-Slope Conversion Principles 

The TC822 ADC operates on the principle of dual-slope 
Integration. An understanding of the dual-slope conversion 
technique will aid the user in following the detailed TC822 
theory of operation following this section. A conventional 
dual-slope converter measurement cycle has two distinct 
phases: 

1) Input Signal Integration 

2) Reference Voltage Integration (Deintegration) 

Referring to Figure 2, the unknown input signal to be 

converted is integrated from zero for a fixed time period 
(tiNj), measured by counting clock pulses. A constant ref¬ 
erence voltage of the opposite polarity is then Integrated 
until the integrator output voltage returns to zero. The 
reference integration (deintegration) time (toEiNi) is then 
directly proportional to the unknown input voltage (Vin). 
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Figure 2 Basic Dual-Slope Converter 

I n a simple dual-slope converter, a complete conversion 
requires the integrator output to ‘ramp-up’ from zero and 
‘ramp-down’ back to zero. A simple mathematical equation 
relates the input signal, reference voltage and integration 
time: 


-1- P'VIN (t)dt =yREFtpElNT 

RiNT ClNT Jo Rint Cint 


where: Vref = Reference Voltage 

t|NT = Integration Time 
toEiNT = Deintegration Time 
Fora constant Tint 

V|N=VREF*taNI 

tiNT 

Accuracy in a dual-slope converter is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. An inherent benefit of 
the dual-slope technique is noise immunity. Noise spikes 
are integrated, or averaged, to zero during the integration 
periods, making integrating ADCs immune to the large 
conversion errors that plague successive approximation 
converters in high-noise environments. Interfering signals, 
with frequency components at multiples of the averaging 
(integrating) period, will be attenuated (see Figure 3). Inte¬ 
grating ADCs commonly operate with the signal integration 
period set to a multiple of the 50/60 Hz power line period. 


TC822 



Figure 3 Normal-Mode Rejection of Dual-Slope Converter 

TC822 ADC THEORY OF OPERATION 
Analog Section 


In addition to the basic integrate and deintegrate dual¬ 
slope phases discussed above, the TC822 design incorpo¬ 
rates a ‘Zero Integrator Output’ phase and an ‘Auto Zero’ 
phase. These additional phases ensure that the integrator 
starts at zero volts (even after a severe over-range conver¬ 
sion) and that all offset voltage errors (buffer amplifier, 
integrator and comparator) are removed from the conver¬ 
sion. A true digital zero reading is assured without any 
external adjustments. 

A complete conversion consists of four distinct phases: 

1) Zero Integrator Output Phase 

2) Auto Zero Phase 

3) Signal Integrate Phase 

4) Reference Deintegrate Phase 

Zero Integrator Output Phase 

This phase guarantees that the Integrator output is at 
zero volts after an overrange input occurs. Thus, the next 
reading after an overranged reading will be correct. The Zl 
phase duration varies from 0 to 600 counts. 

Auto Zero Phase 

During the Auto Zero phase, the differential input signal 
is disconnected from the measurement circuit by opening 
internal analog switches and the internal nodes are shorted 
to Analog Common (0 volt ref) to establish a zero input 
condition. Additional analog switches close a feedback loop 
around the integrator and comparator to permit comparator 
offset voltage error compensation. A voltage established on 
Caz then compensates for internal device offset voltages 
during the measurement cycle. The Auto Zero phase re¬ 
sidual is typically 10 to 15 pV. The Auto Zero duration is 1600 
counts, plus the Zl counts if an overrange did not occur, plus 
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unused deintegration counts. Thus, the AZ phase can 
occupy from 1600 to 6000 counts (600 to 3000 counts for 
TC823). 

Signal Integration Phase 

Upon completion of the Auto Zero phase, the Auto Zero 
loop is opened and the internal differential inputs connect to 
Vin"^ and V|n". The differential input signal is then integrated 
for a fixed time period, which in the TC822 is 2000 counts 
(4000 clock periods) and in the TC823 is 1000 counts (4000 
clock periods). The externally set clock frequency is divided 
by two (TC822) or four (TC823) before clocking the internal 
counters. The integration time period is: 

tNT = 4000 

fosc 

Note that, for the same clock frequency, the TC822 and 
TC823 will have the same signal integration time. Therefore, 
the noise rejection performance of the two converters will be 
the same. 

Polarity is determined at the end of signal integration 
phase. The sign bit is a ‘true polarity’ indication in that signals 
less than 1 LSB are correctly determined. This allows 
precision null detection which is limited only by device noise 
and Auto Zero residual offsets. 

Reference Integrate (Deintegrate) Phase 

The reference capacitor, which was charged during the 
Auto Zero phase, is connected to the input of the integrating 
amplifier. The internal sign logic insures that the polarity of 
the reference voltage is always connected in the phase 
which is oppositetothatofthe input voltage. Thiscausesthe 
integrator to ramp back to zero at a constant rate which Is 
determined by the reference potential. 

The amount of time required (toEiNj) for the Integrating 
amplifier to reach zero is directly proportional to the ampli¬ 
tude of the voltage that was put on the integrating capacitor 
(Vint) during the integration phase: 

Vref 

The digital reading displayed by the TC822 is: 

Digital Count = 2000 

Vref 

For the TC823, the digital reading displayed is: 

Digital Count = 1000 

Vref 

ADC System Timing 

The oscillator frequency is divided by 2 (4 for TC823) 
prior to clocking the internal decade counters. The four 
phase measurement cycle takes a total of 8000 (4000) 
counts Or 16000 (16000) clock pulses. The 8000 (4000) 


count phase is independent of input signal magnitude or 
polarity. 

Each phase of the measurement cycle has the following 
length: 


Conversion Phase 

TC822 

TC823 


1) Auto Zero 

1600 to 5999 

600 to 2999 

Counts 

2) Signal Integrate* 

2000 

1000 

Counts 

3) Reference Integrate 

1 to 4000 

1 to 2000 

Counts 

4) Integrator Output Zero 

0 to 400 

0 to 400 

Counts 


This time period is fixed. The integration period for the 
TC822 is: 


tiNT (TC822) = = 2000 Counts 

fosc 

For the TC823, the integration period is: 

tiNT (TC823) = —- ^ = 1 000 Counts 
fosc 

where fosc is the clock oscillator frequency. 

ANALOG PIN FUNCTIONAL DESCRIPTION 
Differential Signal Inputs (V|n^, Vin") 

The TC822 is designed with true differential inputs and 
accepts input signals within the input stage common mode 
voltage range (Vcm)- The maximum input voltage range, 
which includes normal-mode + common-mode signals, is 
±0.5V. 

Common-mode voltages are removed from the system 
when V|n“ is connected to Analog Common. The TC822’s 
on-chip DC-to-DC converter eliminates most common-mode 
difficulties and permits measurements where measurement 
and power grounds cannot be isolated, (see Figure 4) 



Figure 4 DC-to-DC Converter Permits 

Ground Referenced Measurements 


Common-mode voltages with respect to power G ND do, 
however, affect the integrator output level. The user must be 
particularly careful that the integrator does not saturate 
when at minimum battery voltage. A worse case condition 
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exists if a large positive Vcm exists in conjunction with a full- 
scale negative differential signal. The negative signal drives 
the integrator output positive along with Vcm (Figure 5). For 
such applications the integrator output swing can be re¬ 
duced below the recommended 1.5V full-scale swing. The 
integrator output will swing within 0.3V of or Vs“ without 
increased linearity error. 



Figure 5 Common-Mode Voltage Reduces Available 
Integrator Swing. (Vcom ^ Vin) 


Reference Inputs {VREF^ Vref“) 

The TC822 reference, like the analog signal Input, has 
true differential inputs. In addition, the reference voltage can 
be generated anywhere within the power supply voltage of 
the converter. The differential reference inputs permit 
ratiometric measurements and simplify Interfacing with sen¬ 
sors such as load cells and temperature sensors. 

Reference Output (REFOUT) 

This pin is the buffered output of the internal CMOS 
band-gap reference. The output voltage is typically 1.3V 
above power GND, with a load current of 25 pA. The 
temperature coefficient of REFOUT is typically 50 ppm/°C. 

Analog Common 

The TC822 connects the Internal Vin"^ and Vin~ inputs to 
Analog Common during the Auto Zero cycle. During the 
reference integrate phase V|n“ is connected to Analog 
Common. If Vin" is not externally connected to Analog Com¬ 
mon, a common-mode voltage exists. This is rejected by the 
converter’s 86 dB common-mode rejection ratio. In battery 
powered applications, Analog Common and V(n“ are usually 
connected, removing common-mode voltage concerns. In 


systems where Vin" is connected to the powersupply ground 
or to a given voltage, Analog Common should be connected 
to V|N". 

The Analog Common pin serves to set the analog 
section reference or common point. The TC822 is specifi¬ 
cally designed to operate from a battery or in any measure¬ 
ment system where input signals are referenced to the 
TC822 power source, so Analog Common is normally con¬ 
nected to power GND. 

DrGITAL PIN FUNCTIONAL DESCRIPTION 
DP1, DP2 

These inputs control the LCD decimal points. The deci¬ 
mal point truth table is shown In Table 1. These inputs have 
internal 3 pA pulldowns to DGND. 

Table 1 TC822 Decimal Point Truth Table 


Decimal Point 
DP2 

Inputs 

DPI 

LCD 

0 

0 

3999 

0 

1 

399.9 

1 

0 

39.99 

1 

1 

3.999 


Hold 

HOLD can be used to hold or ‘freeze’ the display. 
Connecting this pin to Vs^ inhibits the display update pro¬ 
cess. Conversions will continue, but the display will not 
change. 

APPLICATIONS INFORMATION 
Power Supplies 

The TC822 Is designed to operate from a 3V battery, but 
will operate over a range of 2.0 to 4.0V. An on-chip DC-to- 
DC converter converts the +3V supply to-3V, which permits 
bipolar input voltages to be converted. Measurements are 
referenced to battery ground, so that the TC822/823 are 
ideal for applications such as measuring battery voltage, 
battery charging current, etc. 

Op-Amp Power Supply Current 

The op-amp of the TC822 has a low-distortion class A 
output, which is biased at 100 pA. To reduce supply current 
when the op-amp is not being used, connect the non- 
inverting Input to Vs", as shown in Figures 6 and 11. When 
the op-amp is used, supply current will increase by about 

200 \1a. 


1-81 




3-3/4 DIGIT LCD 
ANALOG TO DIGITAL CONVERTER 


TC822 

TC823 



Clock Oscillator 

The crystal oscillator circuit is shown in Figure 7. An 
inexpensive 32.768 kHz watch crystal gives about 27 dB 
noise rejection at 60 Hz, while a 40 kHz crystal (used in 
ultrasonic alarms) will almost totally reject 50 and 60 Hz 
noise. 



System Clock 

All system timing is derived from the clock oscil lator. The 
clock oscillator Is divided by two (four for TC823) prior to 
clocking the A/D counters. The clock is also divided by 4 to 
drive the DC-to-DC converter, and by 768 to generate the 
LCD backplane frequency. A simplified diagram of the 
system clock Is shown in Figure 8. 

COMPONENT VALUE SELECTION 

Auto Zero Capacitor - Caz 

The sizeof the Auto Zero capacitor (Caz) has some effect 
on system noise. A 0.22 pF capacitor is recommended. A 
capacitor with low dielectric absorption (polyester) is re¬ 
quired. 

Reference Voltage Capacitor - Cref 

The reference voltage used to ramp the integrator 
output voltage back to zero during the reference integrate 


XTAL OSCILLATOR 
COMPONENTS 





•/ V. 

OSC1 

r T 

OSC2 

BUFOSC 


-[>o— 

q 

]>0-H 

q 



TC822 

TC823 


A/D 

COUNTER 


DC-DC 

CONVERTER 


LCD 

BACKPLANE 

DRIVER 


4-2 

(+4, TC823) 


Figure 8 System Clock Generation 


cycle Is stored on Cref- A 0.22 pF capacitor Is typical. A good 
quality, low leakage capacitor, such as polyester, should be 
used. 


Integrating Capacitor - Cint 

C|NT should be selected to maximize integrator output 
voltage swing without causing output saturation. Analog 
common will normally supply the differential voltage refer¬ 
ence. For this case a ±1.5 V integrator output swing is 
optimum when the analog input Is near full-scale. For 2.5 
readings/second (fosc =40 kHz)and Vfs=400 mV, aO.27 pF 
value is suggested. For a 32.768 kHz crystal, use 0.22 pF. 
If a different oscillator frequency is used, Cint nriust be 
changed in Inverse proportion to maintain the nominal ±1.5V 
integrator swing. An exact expression for Cint is; 

C,NT = —45Q0Ve^ 

Vint • Rint • fosc 

where: fosc = Clock frequency 

Vfs = Full-scale input voltage 
Rint = integrating resistor 
Vint = Desired full-scale integrator 
output swing 

Cint must have low dielectric absorption to minimize 
roll-over error. A polypropylene capacitor is recommended. 

Integrating Resistor - Rint 

The input buffer amplifier and integrator are designed 
with class A output stages. The integrator and buffer can 
supply 5 pA drive currents with negligible linearity errors. 
Rint is chosen to remain in the output stage linear drive 
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region but not so large that printed circuit board leakage 
currents induce errors. For a 400 mV full-scale, Pint should 
be about 100 kn. 

Reference Voltage Selection 

A full scale reading (4000 counts for TC822 and 2000 
counts for TC823) requires that the input signal be twice the 
reference voltage. For example, a 400 mV full scale TC822 
requires a reference voltage of 200 mV. 

In some applications a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, that a pressure trans¬ 
ducer output is 500 mV for 4000 Ib/in^. Rather than dividing 
the input voltage by 1.25, the reference voltage should be 
set to 250 mV. This permits the transducer input to be used 
directly. For best results, full scale voltage should be limited 
to 500 mV. 

The TC822 can also operate with an external reference. 
Figure 9 shows internal and external reference applications. 

Ratiometric Resistance Measurements 

The TC822 true differential input and differential refer¬ 
ence make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined 
reference voltage is needed. 


The unknown resistance is put in series with a known 
standard and a current Is passed through the pair (Figure 
10). The voltage developed across the unknown is applied 
to the input and the voltage across the known resistor 
applied to the reference input. If the unknown equals the 
standard, the input voltage will equal the reference voltage 
and the display will read 2000 (1000 for TC823). The 
displayed reading can be determined from the following 
expression: 

Displayed Reading = ^unknown • 2000 
Rstandard 

The display will overrange for Runknown ^2 X Rstandard 



Figure 10 Low Parts Count Ratiometric Resistance Measurement 


V + 



COMMON 

GND 


SET Vref = ■•^2 FULL SCALE 
(a) INTERNAL REFERENCE 



(b) EXTERNAL REFERENCE 


Figure 9 Internal and External Reference Applications 
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AC-to-DC Converter 

The on-chip op amp of the TC822/823 can be combined 
with external components to convert an AC voltage into a DC 
voltage. Figure 11 shows a typical circuit. 

LCD 

The TC822 drives a triplex (multiplexed 3:1) liquid 
crystal display with three backplanes. The LCD includes 
decimal points, polarity sign, and annunciators for data hold 
and low-battery. Table 2 shows the assignment of the 
display segments to the backplanes and segment drive 
lines. The backplane drive frequency is obtained by dividing 
the oscillator frequency by 768. 


Table 2 

LCD Pin Assignment, TC822 


Pin 

COM1 

COM2 

COM3 

1 

COM1 

— 

— 

2 

— 

COM2 

— 

3 

— 

— 

COM3 

4 

BO 

CO 

DO 

5 

AO 

GO 

EO 

6 

BATTERY 

FO 

PI 

7 

B1 

Cl 

D1 

8 

A1 

G1 

El 

9 

HOLD 

FI 

P2 

10 

B2 

C2 

D2 

11 

A2 

G2 

E2 

12 

Y 

F2 

P3 

13 

B3 

C3 

D3 

14 

A3 

G3 

E3 

15 

— 

— 

— 

16 

— 

— 

— 

17 

— 

— 

— 


18 
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Backplanes waveforms are shown in Figure 12. These 
appear on outputs BP1, BP2, and BPS. They remain the 
same regardless of the segments being driven. 



Other display output lines have waveforms that vary 
depending on the displays values. Figure 13 shows a set of 
waveforms for the AGE outputs of one digit for several 
combinations of ‘on’ segments. 
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Figure 13 Typical Display Output Waveforms 


LCD Source 

Although most users will design their own custom LCD, 
a standard display for the TC822 is available. Figure 14 


shows a display, part No. 
Varitronix. 

Varitronix (USA) 

VL Electronics 
3171 Los Feliz Blvd 
Suite 303 

Los Angeles, CA 90039 
Tel: (312)661-8883 
FAX: (213) 663-3711 
Part No.:jg VIM428-DP 


VIM428-DP, available from 

Varitronix 
9/F Liven House 
61-63 King Yip Street 
Kwun Tjong 
Hong Kong 
Tel: 3-410286 
FAX: 3-439555 


J 





HIGH 

LOW 

1 OVER 1 1 PEAK 1 ["^ATT^ I 
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J 
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Figure 14 Typical TC822/823 LCD 


Annunciator Output 

The annunciator output is a square wave running at the 
backplane frequency (for example, 52 Hz when 
fosc = 40 kHZ). The peak-to-peak amplitude is the same as 
the backplane and segment driver outputs. Connecting an 
annunciator of the LCD to the annunciator output turns it on; 
connecting it to its backplane turns it off. 


LCD Drive Voltage 

The peak-to-peak LCD drive voltage is typically 3.2 Vpp. 
This voltage will remain stable until the battery voltage falls 
below the point where the low-battery flag turns on 
(about 2.1V). 
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A/D CONVERTER WITH BAR GRAPH DISPLAY OUTPUT 


FEATURES 


GENERAL DESCRIPTION 


■I Bipolar A/D Conversion 
li 2.5% Resolution 
(i Direct LCD Display Drive 
il ‘Thermometer’ Bar or Dot Display 
M 40 Data Segments Plus Zero 
B Overrange Plus Polarity Indication 


M Precision On-Chip Reference.35 ppm/°C 

■I Differential Analog Input 
B Low Input Leakage.10 pA 


il Display Plashes on Overrange 
B Display Hold Mode 
il Auto-Zero Cycle Eliminates Zero Adjust 
Potentiometer 
H 9V Battery Operation 

B Low Power Consumption.1.1 mW 

B 20 mV to 2.0 V Pull-Scale Operation 
B Non-Multiplexed LCD Drive for Maximum Viewing 
Angle 


PIN CONFIGURATION 



In many applications a graphical display is preferred 
over a digital display. Knowing a process or system operates, 
for example, within design limits is more valuable than a 
direct system variable readout. A bar or moving dot display 
supplies information precisely without requiring further inter¬ 
pretation by the viewer. 

The TC826 is a complete analog-to-digital converter 
with direct liquid crystal (LCD) display drive. The 40 LCD 
data segments plus zero driver give a 2.5% resolution bar 
display. Full-scale differential input voltage range extends 
from 20 mV to 2V. The TC826 sensitivity is 500 pv. A low drift 
35 ppm/°C internal reference, LCD backplane oscillator and 
driver, input polarity LCD driver, and overrange LCD driver 
make designs simple and low cost. The CMOS design 
required only 125 pA from a 9V battery. In +5V systems a 
TC7660 DC to DC converter can supply the -5V supply. The 
differential analog input leakage Is a low 10 pA. 

Two display formats are possible. The BAR mode 
display is like a ‘thermometer" scale. The LCD segment 
driver that equals the input plus all below it are on. The DOT 
mode activates only the segment equal to the input. In either 
mode the polarity signal is active for negative input signals. 
An overrange input signal causes the display to flash and 
activates the overrange annunciator. A hold mode can be 
selected that freezes the display and prevents updating. 

The dual slope integrating conversion method with 
auto-zero phase maximizes noise Immunity and eliminates 
zero-scale adjustment potentiometers. Zero-scale drift is a 
low 5 pV/°C. Conversion rate is typically 5 per second and 
is adjustable by a single external resistor. 

A compact, 0.5" square, flat package minimizes PC 
board area. The high pin count LSI package makes multi¬ 
plexed LCD displays unnecessary. Low cost, direct drive 
LCD displays offer the widest viewing angle and are readily 
available. A standard display Is available now for TC826 
prototyping work. 


1093-1 
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ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS 


Part No. Package Temperature Supply Voltage (VMo V) .... ..15V 

- Analog Input Voltage (either input)^^^.V+ to V- 

TC826CBQ 60—Pin Plastic 0®Gto70°C Package Power Dissipation 

Quad Flat Package plal Package.500 mW 

_ Formed Leads _ Operating Temperature 

‘C’Devices...0°Cto+70°C 

Storage T emperature..-65®C to +150°C 

Lead Temperature (Soldering, 60 sec)..300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: 

unless otherwise stated Vs = 9V; ROSC = 430 kQ; Ta = 25°C; Full-Scale = 20 mV. 


No. 

Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

1 

— 

Zero Input 

V|N = o.ov 

-0 

±0 

+0 

Display 

2 

— 

Zero Reading Drift 

V|N = o.ov 

0°C < Ta < 70‘’C 

— 

0.2 

1 

pV/°C 

3 

NL 

Linearity Error 

Max Deviation From 

Best Straight Line 

-1 

0.5 

-hi 

Count 

4 

— 

Rollover Error 

-V|N = +ViN 

-1 

0 

-hi 

Count 

5 

EN 

Noise 

< 

z 

II 

o 

< 

— 

60 

— 

pVp_p 

6 

ILK 

Input Leakage Current 

< 

z 

II 

o 

< 

— 

10 

20 

pA 

7 

CMRR 

Common-Mode 

Rejection Ratio 

VCM = ±1V 

V,N = 0V 

— 

50 

— 

pVA/ 

8 


Scale Factor 

Temperature Coefficient 

0 < Ta < 70°C 

External Ref. Temperature 
Coefficient = 0 ppm/®C 


1 


ppnn/°C 

9 

VCTC 

Analog Common 
Temperature Coefficient 

250 kQ Between 

Common and V+ 

0“C < Ta < 70‘’C 


35 

100 

ppm/°C 

10 

— 

Analog Common 

Voltage 

250 kQ Between 

Common and Vs'^ 

2.7 

2.9 

3.35 

V 

1_ 

11 

VSD 

LCD Segment 

Drive Voltage 


4 

5 

6 

Q. 

1 

CL 

> 

12 

VBD 

LCD Backplane 

Drive Voltage 


4 

5 

6 

Vp_p 

13 

— 

Power Supply Current 


— 

125 

175 

pA 


NOTES: 1. Input voltages may exceed the supply voltages when 3. Backplane drive is in phase with segment drive for ‘off’ 

the input current is limited to 100 pA. segment and 180°C out of phase for ‘on’ segment. 

2. Static sensitive device. Unused devices should be Frequency is 10 times conversion rate. 

stored in conductive material to protect devices from 4. Logic input pins 58, 59, and 60 should be connected 

static discharge and static fields. through 1 MO series resistors to Vs” for logic 0. 
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PIN DESCRIPTION AND FUNCTION 

Pin No. 

Namo 

Description 

1 

Analog 

Common 

Establishes the internal analog ground point. Analog common is set to 2.9V below the positive supply 
by an internal zener reference circuit. The voltage difference beween Vs" and analog-common can be 
used to supply the TC826 voltage reference input at REF IN (Pin 4). 

2 

-i-IN 

Positive analog signal input. 

3 

-In 

Negative analog signal input. 

4 

REFIN 

Reference voltage positive input. Measured relative ato analog-common. REF IN ~ Full-Scale/2. 

5 

Cref + 

Reference capacitor connection. 

6 

Cref-* 

Reference capacitor connection. 

7 

Vs" 

Positive supply terminal. 

8 

VBUF 

Buffer output. Integration resistor connection. 

9 

CAZ 

Negative comparator input. Auto-zero capacitor connection. 

10 

VINT 

Integrator output. Integration capacitor connection. 

11 

VS- 

Negative supply terminal. 

12 

OSC1 

Oscillator resistor (Rose) connection. 

13 

OSC2 

Oscillator resistor (Rose) connection. 

14 

BP 

LCD Backplane driver. 

15 

BARO 

LCD Segment driver: Bar 0 

16 

1 

1 

17 

2 

2 

18 

3 

3 

19 

4 

4 

20 

5 

5 

21 

6 

6 

22 

7 

7 

23 

8 

8 

24 

9 

9 

25 

10 

10 

26 

11 

11 

27 

12 

12 

28 

13 

13 

29 

14 

14 

30 

15 

15 

31 

16 

16 

32 

17 

17 

33 

18 

18 

34 

19 

19 

35 

20 

20 

36 

21 

21 

37 

22 

22 

38 

23 

23 

39 

24 

24 

40 

25 

25 

41 

26 

26 

42 

27 

27 

43 

28 

28 
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PIN DESCRIPTION AND FUNCTION (Cont.) 


Pin No. 

Name 

Description 

44 

BAR 29 

LCD Segment driver: Bar 29 

45 

30 

30 

46 

31 

31 

47 

32 

32 

48 

33 

33 

49 

34 

34 

50 

35 

35 

51 

36 

36 

52 

37 

37 

53 

38 

38 

54 

39 

39 

55 

40 

40 

56 

OR 

LCD segment driver that indicated input out-of-range condition. 

57 

POL- 

LCD segment driver that indicates input signal is negative. 

58 

BAR/DOT 

Input logic signal that selects bar or dot display format. Normally in bar mode. Connect to Vs“ through 

1 MOresistorforDotformat. 

59 

HOLD 

Input logic signal that prevents display from changing. Pulled high internally to inactive state. 

Connect to Vs~ through IMQ series resistor for HOLD mode operation. 

60 

TEST 

Input logic signal. Sets TC805 to BAR display mode. Bar 0 to 40, plus OR flash on and off. The POL- 


LCD driver is on. Pulled high internally to inactive state. Connect to Vs“ with 1 Mn series resistor to 
activate. 



Figure 1 Typical TC826 Circuit Connection 
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DUAL SLOPE CONVERSION PRINCIPLES 

The T0826 is a dual slope, integrating analog-to-digital 
converter. The conventional dual slope converter measure¬ 
ment cycle has two distinct phases: 

• Input Signal Integration 

* Reference Voltage Integration (Deintegration) 

The Input signal being converted is integrated for a fixed 

time period (TSI). Time is measured by counting clock 
pulses. An opposite polarity constant reference voltage is 
then Integrated until the Integrator output voltage returns to 
zero. The reference integration time is directly proportional 
to the input signal (TRI). (Figure 2). 

In a simple dual slope converter a complete conversion 
requires the Integrator output to ‘ramp-up’ and ‘rampn- 
down’. 

A simple mathematical equation relates the Input signal 
reference voltage and integration time: 

J fcTsi 

v,N(t)dt=YfiIa! 

0 RC 

Where: 

Vr = Reference Voltage 

Vsi - Signal Integration Time (Fixed) 

Tri - Reference Voltage Integration Time (Variable) 

For a constant Vin: Vn = Vr^ 

Tsi 


The dual slope converter accuracy Is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated or averaged to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes¬ 
sive approximation converters in high noise environments. 
Interfering signals with frequency components at multiples 
of the averaging period will be attenuated. (Figure 3.) 

The TC826 converter Improves the conventional dual 
slope conversion technique by incorporating an auto-zero 
phase. This phase eliminates zero-scale offset errors and 
drift. A potentiometer is not required to obtain a zero output 
for zero input. 



0.1/T 1/T ^0fT 


INPUT FREQUENCY 

Figure 3 Normal-Mode Rejection of Dual Slope Converter 



Figure 2 Basic Dual Slope Converter 
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THEORY OF OPERATION 
Analog Section 

In addition to the basic signal Integrate and deintegrate 
cycles discussed above, the TC826 incorporates an auto¬ 
zero cycle. This cycle removes buffer amplifier, integrator, 
and comparator offset voltage error terms from the conver¬ 
sion. A true digital zero reading results without external 
adjusting potentiometers. A complete conversion consists 
of three cycles: an auto-zero, signal integrate and reference 
cycle. (Figures 4 and 5.) 

Auto-Zero Cycle 

During the auto-zero cycle the differential input signal is 
disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(internal analog ground) to establish a zero input condition. 
Additional analog gates close a feedback loop around the 
integrator and comparator. This loop permits comparator 


offset voltage error compensation. The voltage level estab¬ 
lished on CAZ compensates for device offset voltages. 

The auto-zero cycle length Is 19 counts minimum. 
Unused time In the deintegrate cycle is added to the auto¬ 
zero cycle. 

Signal Integration Cycle 

The auto-zero loop is opened and the internal differen¬ 
tial inputs connect to +IN and -IN. The differential input 
signal is integrated for a fixed time period. The TC826 signal 
integration period is 20 clock periods or counts. The exter¬ 
nally set clock frequency is divided by 32 before clocking the 
Internal counters. The integration time period is: 

Tsi = -32_x 20 
Fosc 

Where: 

Fosc = External Clock Frequency 
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The differential input voltage must be within the device 
common-mode range when the converter and measured 
system share the same power supply common (ground). If 
the converter and measured system do not share the same 
power supply common, -IN should be tied to analog-com¬ 
mon, This is the usual connection for battery operated 
systems. Polerity is determined at the end of signal integrate 
signal phase. The sign bit is a true polarity indication in that 
signals less than 1 LSB are correctly determined. This 
allows precision null detection limited only by device noise 
and system noise. 

Reference Integrate Cycle 

The final phase is reference integrate or deintegrate. - 
IN is internally connected to analog common and +IN is 
connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the Input signal and is 
between 0 and 40 counts. The digital reading displayed is: 

20 = 

Vref 

Sy3tem Timing 

The oscillator frequency is divided by 32 propr to clock¬ 
ing the internal counters. The three phase measurement 


cycle takes a total of 80 clock pulses. The 80 count cycle is 
independent of input signal magnitude. 

Each phase of the measurement cycle has the following 
length: 

• Auto-Zero Phase: 19 to 59 Counts 

For signals less than full-scale the auto-zero is as¬ 
signed the unused reference integrate time period. 

• Signal Integrate: 20 Counts 

This time period is fixed. The integration period Is: 

Tsi = 2o[-32j 

LFosc- 

Where Fqsc is the externally set clock frequency. 

• Reference Integrate: 0 to 41 Counts 

Reference Voltage Selection 

A full-scale reading requires the input signal be twice the 
reference voltage. The reference potential is measured 
between REF IN (Pin 4) and Analog-Common (Pin 1). 


Required Full-Scale Voltage 

Vref 

20 mV 

10 mV 

2V 

1V 


AUTO^ZERO 
PHASE (AZ) 


SIGNAL 
INTEGRATE 
PHASE (SI) 


REFERENCE INTEGRATE 
PHASE (Rl) 
(DEINTEGRATE) 


INTEGRATOR 

OUTPUT 


ANALOG 

COMMON 

POTENTIAL 


INTERNAL 
SYSTEM CLOCK 
(FSYS) 



TRUE ZERO 
CROSSING 


ZERO CROSSING 
DETECTED 


xriAJT; ^jxh^ 


INTERNAL DATA 
LATCH UPDATE 
SIGNAL 


n 



NUMBER OF 


_ COUNTS 

^^ 

PROPORTIONAL 

-^Td«V|n-^ 

TOV,n 


19 COUNTS 
MINIMUM 


20 _ 
COUNTS 


41 COUNTS 
MAXIMUM ^ 


ONE CONVERSION CYCLE = 80 COUNTS (Tqonv ^ p^ys ^ 


Figure 5 TC826 Conversion Has Three Phases 
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The internal voltage reference potential availabe at 
analog-common will normally be used to supply the convert¬ 
ers reference. This potential is stable whenever the supply 
potential is greater than approximately 7V. In applications 
where an externally generated reference voltage is desired 
refer to Figure 6. 

The reference voltage is adjusted with a near full-scale 
input signal. Adjust for proper LCD display readout. 



Components Value Selection 

Integrating Resistor (rint) 

The desired full-scale input voltage and output current 
capability of the input buffer and integrator amplifier set the 
integration resistor value. The Internal class A output stage 
amplifiers will supply a 1 pA drive durrent with minimal 
linearity error. RINT is easily calculated for a 1 pA full-scale 
current: 

Rint - Voltage (V) _ yps 

1 X 10”^ 1 X 10“® 

Where VFS = Full-Scale Analog Input 

Integrating Capacitor (cint) 

The integrating capacitor should be sleeted to maximize 
intgrator output swing. The Integrator output will swing to 
within 0.4V of Vs"^ or Vs~ without saturating. 

The Integrating capacitor is easily calculated: 

CINT = -^(- ^ -) 

RINT\FOSCx VINT/ 

Where : VINT = Integrator Swing 

FOSC = Oscillator Frequency 
The integrating capacitor should be selected for low 
dielectric absorption to prevent roll-over errors. Polypro¬ 
pylene capacitors are suggested. 


Auto-Zero Capacitor (caz) 

CAZ should be 2-3 times larger than the integration 
capacitor. A polypropylene capacitor is suggested. Typical 
values from 0.14 pF to 0.068 pF are satisfactory. 

Reference Capacitor (cref) 

A1 pF capacitor is suggested. Low leakage capacitors 
such as polypropylene are recommended. 

Several capacitor/resistor combinations for common 
full-scale input conditions are given in Table 1. 


Table 1 Suggested Component Values 



2V 

200 mV 

20 mV 


Full-Scale 

Full-Scale 

Full-Scale 

Component 

Vref»1V 

Vref -100 mV 

Vref = 10 mV 

Rint 

2 mi 

200 kn 

20 k« 

Cint 

0.033 pF 

0.033 ^F 

0.033 nF 

Cref 

1HF 

irF 

1 pF 

Caz 

0.068 pF 

0.068 pF 

0.14 nF 

Rose 

430 k£i 

430 kn 

430 ka 


NOTES: Approximately 5 conversione/eecond. 


Differential Signal Inputs 

The TC826 is designed with true differential inputs and 
accepts input signals within the input stage common-mode 
voltage range (VCM). The typical range is V+ -1 to V“ +1V. 
Common-mode voltages are removed from the system 
when the TC826 operates from a battery or floating power 
source (Isolated from measured system) and -IN is con¬ 
nected to analog-common (Vcom)- 

In systems where common-mode rejection ratio mini¬ 
mizes error. Common-mode voltages do, however, affect 
the integrator output level. Integrator output saturation must 
be prevented. A worse case condition exists if a large 
positive VcM exists in conjunction with a full-scale negative 
differential signal. The negative signal drives the integrator 
output positive along with Vqm- For such applications, the 
integrator output swing can be reduced below the recom¬ 
mended 2V full-scale swing. The Integrator output will swing 
within 0.3V of Vs^ or Vs~ without Increased linearity error. 

Digital Section 

The TC826 contains all the segment drivers necessary 
to drive a liquid crystal display (LCD). An LCD backplane 
driver is included. The backplane frequency is the external 
clock frequency divided by 256. A 430 kh osc QCts the 
backplane frequency to approximately 55 Hz with a 5V 
nominal amplitude. When a segment driver is in phase with 
the backplane signal the segment is ‘OFF. An out-of-phase 
segment drive signal causes the segment to ba ‘ON’ or 
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visible. This AC drive configuration results in negligible DC 
voltage across each LCD segment. This insures long LCD 
display life. The polarity segment drive, -POL, is ‘ON’ for 
negative analog inputs. If +IN and -IN are reversed this 
indicator would reverse. The TC826 transfer function is 
shown in Figure 7. 



BAR/DOT Input (Pin 58) 

The BAR/DOT input allows the user to select the 
display format. The TC826 powers up in the BA R mod e. 
Select the DOT display format by connecting BAR / DOT to 
the negative supply (Pin 11) through a 1 MQ resistor. 


HOLD Input (Pin 59) 

The TC826 data ou put latc hes are not updated at the 
end of each conversion if HOLD is tied to the negative supply 
(Pin 11) through a 1 series resistor. The LCD display 
contino usly dis plays the preyious conversion results. 

The HOLD pin is normally pulled high by an internal pull- 
up. 


TEST Input (Pin 59) 

The TC826 enters a test mode with the TEST input 
connected to the negative supply (Pin 11). T he con nection 
must be made through a 1 MiQ resistor. The TEST input is 
normally internally pulled high. A low input sets the output 
data latch to all ones. The BAR display mode is set. The 41 
LCD output segments (zero plus 40 data segments) and 
overrange annuniciatorflash on and off at 1 /4 the conversion 
rate. The polarity annunciator (POL-) segment will be on but 
not flashing 


TC826 


Overrange Display Operation (OR, Pin 56) 

An out-of-range input signal will be indicated on the 
LCD display by the OR annunciator driver (Pin 56) becoming 
active. 

In the BAR display format the 41 bar segments and the 
overrange annunciator, OR, will flash ON and OFF. The 
flash rate is on fourth the conversion rate (FOSC/2560). 

In the DOT display mode, OR flashes and all other data 
segment drivers are off. 

Polarity Indication (POL-Pin 57) 

The TC826 converts and displays data for positive and 
negative input signals. The POL-LCD segment driver (Pin 
57) is active for negative signals. 

Oscillator Operation 

The TC826 external oscillator frequency, FOSC, is set 
by resistor ROSC connected between pins 12 and 13. The 
oscillator frequency vs. resistance curve Is shown in Fig- 



0 2 4 ^ 8 10 12 14 16 18 20 

Rose (X 100 

Figure 8 Oscillator Frequency vs. RO$C 

FOSC is divided by 32 to provide an internal system 
clock, FYSY. Each conversion requires 80 internal clock 
cycles. The Internal system clock is divided by 8 to provide 
the LCD backplane drive frequency. The display flash rate 
during an Input out-of-range signal is set by dividing FSYS 
by 320. (See Figure 9.) 

The internal oscillator may be bypassed by driving OSCI 
(Pin 12) with an external signal generator. 0$C2 (Pin 13) 
should be left unconnected. 

The oscillator should swing from Vs"^ to Vs" in single 
supply operation (Figure 10A). In dual supply operation the 
signal should swing from power supply ground to Vs'^. 
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A. SINGLE 9V SUPPLY 


V| = 5V 



B. DUAL SUPPLY Vg = 5V 


Rgure 10 External Oacillator Connection 

LCD Display Format 

The input si gnal c an be displayed in two formats (Figure 
11). The BAR / DOT input (Pin 58) selects the format. The 
TC825 measurement cycle operates indentically for either 
mode. 


A. BAR MODE 


1. INPUT = 0 2. INPUT *5% 

OF FUlE--SCAtE 

BAR4 r.' ....'.1 OFF [...'.'.. I OFF 

BAR 3 I I OFF .: 1 OFF 

BAR 2 L.. J OFF IZZ /A ON 

BAR 1 L. 1 OFF \///A ON 

baroCZZZ3on I///a on 

B. DOT MODE 

1. INPUT = 0 2. INPUTS 5% 

OF FULL-SCALE 

bar 4 I I OFF I I OFF 

BAR 3 I I OFF I I OFF 

bar 2 1 . 1 OFF 1 /J/: A on 

BAR 1 r " I OFF r' "." I OFF 


BAR 0 \///A ON I I OFF 

Figure 11 Diep;ey Option Formete 

BAR Format 

The TC826 power-ups in the BAR mode. BAR / DOT is 
pulled high internally. This display format is similar to a 
thermometer display. All bars/LCD segments, Including 
zero, below the bar/LCD segment equaling the input signal 
level are on. A half-scale input signal, for example, would be 
displayed with BAR 0 to BAR 20 on. 

DOT Format 

By connecting BAR / DOT to Vs~ through a 1 MU resis¬ 
tor the DOT mode Is selected. Only the BAR LCD segment 
equaling the input signal is on. The zero segment is on for 
zero input. 

This mode is useful for moving cursor or ‘needle’ 
applications. 
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LCD DISPLAYS 

Most end products will use a custom LCD display for 
final production. Custom LCD displays are low cost and 
available from all manufacturers. The TC826 interfaces to 
non-multiplexed LCD displays. A backplane driver is included 
on chip. 

To speed initial evaluation and prototype work a stan¬ 
dard TC826 LCD display is available from Varitronix. 
Varitronix Ltd. 

9/F Linen House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Telex: 36643 VTRAX HX 

USA Office: 

VL Electronics Inc. 

3161 Los Feliz Blvd., Suite 303 
Los Angeles, CA 90039 
Tel: 213/661-8883 
Telex: 821554 

• Part No.: VBG412-1 (Pin Connectors) 

• Part No.: VBG412-2 (Elastomer Connectors) 

Other standard LCD displays suitable for development 
work are available in both linear and circular formats. One 
manufacturer is: 

UCE Inc. 

24 Fitch Street 
Norwalk, CT 06855 
Tel: 203/838-7509 

• Part No. 5040: 50 segment circular display with 

3 didgit numeric scale. 

• Part No. 5020: 50 segment linear display. 


LCD BACKPLANE DRIVER (PIN 14) 

Additional drive electronics is not required to interface 
the TC826 to an LCD display. The TC826 has an on-chip 
backplane generator and driver. The backplane frequency 
is: 

FBP = FOSC/256 

Figure 12 gives typical backplane driver rise/fall time v. 
backplane capacitance. 



0 123456780 10 

BACKPLANE CAPACITANCE (X 100p0 


Figure 12 Backplane Driver Rise/Fall Time vs. Capacitance 

FLAT PACKAGE SOCKET 

Sockets suitable for prototype work are available. A 
USA source is: 

Nepenthe Distribution 

2471 East Bayshore, Suite 520 

Palo Alto, CA 94303 

Tel: 415/856-9332 

Telex: 910/373-2060 

‘BQ’Socket Part No.: IC51-064-042 BQ 
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FEATURES 

■ Guaranteed 200 kHz Operation 

■ Guaranteed Zero Reading for OV Input 

■ Input Sensitivity.100 ^iV 

■ Multiplexed BCD Data Output 

■ No Sample and Hold Required 

■ UART and Microprocessor interface 

■ Blinking Display Indicates Overrange 

■ Control Outputs for Auto-Ranging 

■ Available in PLCC and Surface-Mount Packages 

■ Low-Power CMOS Technology 

■ Pin Compatible With TC7135, ICL7135, MAX7135 
and SI7135 

■ Single 5V Operation With TC7660 
DC-to-DC Converter 

■ Extended Temperature Range 

Operation.-40°C to +85°C 


APPLICATIONS 

M Personal Computer Data Acquisition 

■ Scales 

■ Panel Meters 

■ Digital Pressure Meters 

■ Chemical Concentration 

■ Temperature 

■ Process Variable Measurement 
— Flow Rate 

— Temperature 
— Speed 
— Concentration 

■ Electrostatic Field Measurement 

■ Voltage, Resistance, Current Measurements 

■ Light Intensity 

■ Toxic Level Measurement 

■ HP-IL Bus Instrumentation 


TYPICAL APPLICATION 


ADDRESS BUS 


CONTROL 



1095-1 
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PIN CONFIGURATIONS 




v-LT 

REF IN 
ANALOG COM 

INT OUT [~4~ 

azin[~^ 

BUFF OUT [V 

REFCAP~r7~ 
REFCAP-^rr 
- INPUT 
+INPUT |To~ 

V+QT 

(MSD) D5 0^ 

(LSB) Bi nr 

B2ru 




TC835CPI 

TC835EJI 

TC835EPI 


iLl 

JH 

25] 

lU 

"ial 

Ji] 

H] 

' 20 ~| 

31] 

31] 

33 

33 

3§] 
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< S u. 

O o O ZO Ui I 


STROBE 

RUN/HOLD 

DIGTALGND 
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CLOCK IN 
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GENERAL DESCRIPTION 

The TC835 is a low-power, 4-1/2 digit (0.005% resolu¬ 
tion), BCD analog-to-digital converter (ADC) that has been 
characterized for 200 kHz clock rate operation. The five 
conversions per second rate is nearly twice as fast as the 
ICL7135 or TC7135. 

The multiplexed BCD data output is perfect for interfac¬ 
ing to personal computers. The low-cost, greater than 14- 
bit high-resolution, and 100 pV sensitivity makes the TC835 
the most cost-effective data converter available today. 

The TC835 (like the TC7135) does not use the external 
diode-resistor roll-over error compensation circuits required 
by the ICL7135. This Improves circuit density and simpli¬ 
fies circuit board layout. 

The device incorporates "integrator output zero" and 
"auto-zero" phases on each conversion cycle, guarantee¬ 
ing a stable zero output for OV input, even when operated 
at the higher clock rate. 

Microprocessor-based d ata acqui sition systems are 
supporte d by th e BUSY and STROBE outputs, along with 
the RUN/HOLD input of the TC835. The overrange, under¬ 
range, busy, and run/hold control functions and multiplexed 
BCD data outputs make the TC835 the Ideal converter for 
pP-based scales and measurement systems and intelli¬ 
gent panel meters. (See Application Notes 16 and 17 for 
microprocessor interface techniques.) 

The TC835 Interfaces with full-function LCD and LED 
display decoder/drivers (TC7211A or TC7212A). The 
UNDERRANGE and OVERRANGE outputs may be used 
to Implement an auto-ranging scheme or special display 
functions. 

This device is pin compatible with, and incorporates all 
the features of, the popular TC7135 and ICL7135. The 
performance of existing designs may be upgraded to faster 
conversion rates by lowering the value of the integrating 
capacitor and Increasing the clock frequency (see "Compo¬ 
nent Selection"). 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

TC835CPI 

28-Pin Plastic 

0®C to +70°C 

TC835CKW 

44-Pin Flat 

0°C to +70°C 

TC835CLI 

28-Pin PLCC 

0°C to +70^C 

TC835CBQ 

60-Pin Flat 

0°C to +70®C 

TC835EJI 

28-Pin CerDIP 

-40°C to +85°C 

TC835EPI 

28-Pin Plastic 

>40°C to +85°C 

TC835EKW 

44-Pin Flat 

-40®C to +85‘’C 

TC835ELI 

28-Pin PLCC 

-40^ to +85‘»C 


NOTE: Tape and reel available for 44-pin flat and 28-pin PLCC 
packages. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Positive Supply Voltage.+6V 

Negative Supply Voltage.-9V 

Analog Input Voltage (Pin 9 or 10).V'*’ to V- (Note 2) 

Reference Input Voltage (Pin 2).V+ to V- 

Clock Input Voltage.OV to V+ 

Operating Temperature Range. 0°C to +70°C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 


Package Power Dissipation 

CerDIP(J)...1W 

Plastic (P) .0.8W 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C. fctocK = 200 kHz. V+ = +5V. V- = -5V 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Analog 


Display Reading With 

Zero Volt Input 

Notes 3 and 4 

- 0.0000 

± 0.0000 

-fO.OOOO 

Display 

Reading 

TCz 

Zero Reading 

Temperature Coefficient 

V,N = 0V 

Note 5 

— 

0.5 

2 

pV/"C 

TCfs 

Full-Scale 

Temperature Coefficient 

V|N = 2V 

Notes 5 and 6 

— 

— 

5 

ppm/°C 

NL 

Nonlinearity Error 

Note 7 

— 

0.5 

1 

Count 

DNL 

Differential Linearity Error 

Note 7 

— 

0.01 

— 

LSB 


Display Reading in 

Ratiometric Operation 

Vin = Vref 

Note 3 

-fO.9997 

-fO.9998 

-Fl.OOOO 

Display 

Reading 

±FSE 

± Full-Scale Symmetry 

Error (Roll-Over Error) 

-V|N = +V|N 

Note 8 


0.5 

1 

Count 

IlN 

Input Leakage Current 

Note 4 

— 

1 

10 

pA 

eisi 

Noise 

Peak-to-Peak Value Not 
Exceeded 95% of Time 

— 

15 

— 

pVp.p 

Digital 

IlL 

Input Low Current 

V,N = OV 

— 

10 

100 

pA 

IlH 

Input High Current 

V|N = -I-5V 

— 

0.08 

10 

pA 

VoL 

Output Low Voltage 

Iql =1-6 mA 

— 

0.2 

0.4 

V 

Vqh 

Output High Voltage 

Bi, B 2 , B 4 , Bs, Di—D 5 

Busy, Polarity, Overrange, 
Underrange, Strobe 

loH = 1 mA 

loH= 10pA 

2.4 

4.9 

4.4 

4.99 

5 

5 

V 

V 

fcLK 

Clock Frequency 

Note 10 

0 

200 

1200 

kHz 

Power Supply 

v+ 

Positive Supply Voltage 


4 

5 

6 

V 

v- 

Negative Supply Voltage 


-3 

-5 

-8 

V 

r 

Positive Supply Current 

fcLK = 0 Hz 

— 

1 

3 

mA 

l- 

Negative Supply Current 

fcLK = 0 Hz 

— 

0.7 

3 

mA 

PD 

Power Dissipation 

^CLK = 0 Hz 

— 

8.5 

30 

mW 


NOTES: 1. Functional operation is not implied. 

2. Limit input current to under 100 pA if input voltages exceed supply 
voltage. 

3. Full-scale voltage = 2V. 

4. V|N = 0V. 

5. 0°C < Ta <+70°C. 

6. External reference temperature coefficient less than 0.01 ppm/°C. 


7. -2V < V|N < +2v. Error of reading from best fit straight 
line. 

8. IVinI = 1.9959. 

9. Test circuit shown in Figure 1. 

10. Specification related to clock frequency range over which 
the TC835 correctly performs its various functions. 
Increased errors result at higher operating frequencies. 
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GENERAL THEORY OF OPERATION 
Dual-Slope Conversion Principles 

TheTC835 is a dual-slope, integrating analog-to-digital 
converter. An understanding of the dual-slope conversion 
technique will aid in following the detailed TC835 opera¬ 
tional theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases; 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 

The input signal being converted is integrated for a fixed 
time period. Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then inte¬ 
grated until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal. 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to “ramp-up" and “ramp- 
down." 

A simple mathematical equation relates the input signal, 
reference voltage, and integration time: 

— f ViN(t) dt = ■ 

RC Jq RC 

where; 

Vr = Reference voltage 

tsi = Signal integration time (fixed) 

tRi = Reference voltage integration time (variable). 

For a constant Vin; 


The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated^ or averaged, to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes¬ 
sive approximation converters in high-noise environments. 
(See Figure 4.) 

TC835 Operational Theory 

The TC835 incorporates a system zero phase and 
integrator output voltage zero phase to the normal two- 
phase dual-slope measurement cycle. Reduced system 
errors, fewer calibration steps, and a shorter overrange 
recovery time result. 

The TC835 measurement cycle contains four phases: 

(1) System zero 

(2) Analog input signal integration 

(3) Reference voltage integration 

(4) Integrator output zero 

Internal analog gate status for each phase is shown in 
Table I. 



Figure 4 Basic Dual-Slope Converter 


Vin = Vr 


tRI 

tsi 
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Table I. Internal Analog Gate Status 

Conversion 

Cycle Phase 

SW| 

sw^, 

Internal Analog Gate Status 
SWr, SWz SWr 

SWi 

SWiz 

Reference 

Schematic 

System Zero 



Closed Closed 

Closed 


3A 

Input Signal 

Integration 

Closed 





3B 

Reference Voltage 
Integration 


Closed* 


Closed 


3C 

Integrator 

Output Zero 




Closed 

Closed 

3D 


*NOTE: Assumes a positive polarity input signal, SWri would be closed fora negative input signal. 


System Zero (Figure 3B) 

During this phase, errors due to buffer, integrator, and 
comparator offset voltages are compensated for by charg¬ 
ing Caz (auto-zero capacitor) with a compensating error 
voltage. With a zero input voltage the integrator output will 
remain at zero. 

The external input signal Is disconnected from the 
internal circuitry by opening the two SW| switches. The 
internal input points connect to ANALOG COMMON. The 
reference capacitor charges to the reference voltage poten¬ 
tial through SWr. A feedback loop, closed around the 
integrator and comparator, charges the Caz capacitor with a 
voltage to compensate for buffer amplifier, integrator, and 
comparator offset voltages. 

Analog Input Signal Integration (Figure 3C) 

The TC835 integrates the differential voltage between 
the +INPUT and -INPUT pins. The differential voltage must 
be within the device common-mode range; -1V from either 
supply rail, typically. 

The Input signal polarity Is determined at the end of this 
phase. 


Reference Voltage Integration (Figure 3D) 

The previously-charged reference capacitor is con¬ 
nected with the proper polarity to ramp the integrator output 
back to zero. The digital reading displayed is: 


Reading = 10,000 


Differential Input 
Vref 


Integrator Output Zero (Figure 3E) 

This phase guarantees the integrator output is at OV 
when the system zero phase Is entered and that the true 
system offset voltages are compensated for. This phase 
normally lasts 100 to 200 clock cycles. If an overrange 
condition exists, the phase Is extended to 6200 clock cycles. 


Analog Section Functional Description 

Differential Inputs 

(+INPUT, Pin 10 and -INPUT, Pin 9) 

The TC835 operates with differential voltages within the 
input amplifier common-mode range. The input amplifier 
common-mode range extends from 0.5V below the positive 
supply to IV above the negative supply. Within this com¬ 
mon-mode voltage range, an 86 dB common-mode rejec¬ 
tion ratio is typical. 

The integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to satu¬ 
rate. A worst-case condition exists, for example, when a 
large positive common-mode voltage with a near full-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced to less than the recommended 4V full-scale 
swing, with some loss of accuracy. The integrator output can 
swing within 0.3V of either supply without loss of linearity. 

ANALOG COMMON Input (Pin 3) 

ANALOG COMMON is used as the -INPUT return 
during auto-zero and deintegrate. If-IN PUT is different from 
ANALOG COMMON, a common-mode voltage exists in the 
system. This signal Is rejected by the excellent CMRR of the 
converter. In most applications, -INPUT will be set at a fixed, 
known voltage (power supply common, for instance). In this 
application, ANALOG COMMON should be tied to the same 
point, thus removing the common-mode voltage from the 
converter. The reference voltage is referenced to ANALOG 
COMMON. 

REFERENCE Voltage Input (REF IN, Pin 2) 

The REF IN input must be a positive voltage with respect 
to ANALOG COMMON. Two reference voltage circuits are 
shown in Figure 5. 
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Figure 5 Using an External Reference 


Digital Section Functional Description 

The major digital subsystems within the TC835 are 
illustrated in Figure 6, with timing relationships shown in 
Figure 7. The multiplexed BCD output data can be displayed 
on LC D or LED display with the TC7211A (LCD) or TC7212A 
(LED) 4-digit display drivers. 

The digital section Is best described through a discus¬ 
sion of the control signals and data outputs. 


RUN/HOLD Input (Pin 25) 

When left open, this pin assumes a logic "1” level. With 
a R/H = 1, the TC835 performs conversions continuously, 
with a new measurement cycle beginning every 40,002 
clock pulses._ 

When R/H changes to a logic "0,” the measurement 
cycle in progress will be completed, and data held and 
displayed as long as the logic "0" cojiditlon exists. 

A positive pulse (>300 ns) at R/H initiates a new mea¬ 
surement cycle. The measurement cycle in progress when 
R/H initially assumed the logic "0" state must be completed 
before the positive pulse can be recognized as a single 
conversion run command. 



Figure 6 Digital Section Functional Diagram 
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The new measurement cycle begins with a 10,001- 
count auto-zero phase. At the end of this phase the busy 
signal goes high. 


STROBE Output (Pin 26) _ 

During the measurement cycle, the STROBE control 
line is pulsed low five times. The five low pulses occur in the 
center of the digit drive signals (Di, D 2 , D3, D5, Figure 8 ). 

D 5 (MSD) goes high for 201 counts when the measure¬ 
ment cycles end. In the center of the D 5 pulse, 101 clock 
pulses af ter the end of the measurement cycle, the first 
STROBE occurs for one-half clock pulse. After t he D 5 digit 
strobe, D 4 goes high for 200 clock pulses. The STROBE 
goes low 1 00 clock pulses after D 4 goes high. This continues 
through the Di digit drive pulse. 

The di git drive s ignals will continue to permit display 
scanning. STROBE pulses are not repeated until a new 
measurement Is completed. The digit drive signals will not 
continue if the previous signal resulted in an overrange 

condition. _ 

The active low STROBE pulses aid BCD data transfer to 
DARTS, processors and external latches. (See Application 
Note 16.) 

BUSY Output (Pin 21) 

At the beginning of the signal-integration phase, BUSY 
goes high and remains high until the first clock pulse after the 
integrator zero crossing. BUSY returns to the logic "0" state 
after the measurement cycle ends in an overrange condi¬ 
tion. The internal display latches are loaded during the first 
clock pulse after BUSY, and are latched at the clock pulse 
end. The BUSY signal does not go high at the beginning of 
the measurement cycle, which starts with the auto-zero 
cycle. 

OVERRANGE Output (Pin 27) 

If the input signal causes the reference voltage integra¬ 
tion time to exceed 20,000 clock pulses, the OVERRANGE 
output is set to a logic "1." The overrange output register is 
set when BUSY goes low, and is reset at the beginning of the 
next reference-integration phase. 


TC835 

OUTPUTS 



BUSY 

-END OF CONVERSION 

__ 







fos (MSD)t D4 

1 DATA 1 DATA 

1 D3 

1 DATA 

\ 02 foi (LSD)| 05 I 

1 DATA 1 DATA | DATA 1 





STROBE 




COUNTS 

"T 

K y NOTE ABSENCE 

• 'OF STROBE 


!-♦ 201 J 


C-200->| 


COUNTS 


COUNTS 

D4 

L 200 



COUNTS 





J^200-» 

] _ 



COUNTS 

D2 



l«-200-J 



COUNTS 




!-♦ 900 ->1 




COUNTS 


‘DELAY BETWEEN BUSY GOING LOW AND FIRST STROBE 

PULSE IS DEPENDENT ON ANALOG INPUT. 


Figure 8 Strobe Signal Pulses Low Five Times per Conversion 


The polarity bit is valid even for a zero reading. Signals 
less than the converter's LSB will have the signal polarity 
determined correctly. This is useful in null applications. 

DIGIT Drive Outputs (Pins 12 , 17, 18, 19 and 20) 

Digit drive signals are positive-going signals. The scan 
sequence Is D 5 to Di. All positive pulses are 200 clock pulses 
wide, except D5, which is 201 clock pulses wide. 

All five digits are scanned continuously, unless an 
overrange condition occurs. In an ov errange co ndition, all 
digit drives are held low from the final STROBE pulse until 
the beginning of the next reference-integrate phase. The 
scanning sequence is then repeated. This provides a blink¬ 
ing visual display Indication. 


UNDERRANGE Output (Pin 28) •^^ta Outputs (Pins 13,14, 15 and 16) 

If the output count is 9% of full scale or less (<1800 binary coded decimal (BCD) bits Bs, B4, B 2 , Bi, are 

counts), the underrange register bit is set at the end of positive-true logic signals. The data bits become active 
BUSY. The bit Is set low atthe next signal-integration phase. simultaneously with the digit drive signals. In an overrange 

condition, all data bits are at a logic ” 0 " state. 

POLARITY Output (Pin 23) 

A positive Input is registered by a logic "1" polarity signal. 

The polarity bit is valid at the beginning of reference inte¬ 
grate and remains valid until determined during the next 
conversion. 
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APPUCATIONS INFORMATION 
Component Value Selection 

The integrating resistor is determined by the full-scale 
input voltage and the output current of the buffer used to 
charge the integrator capacitor. Both the buffer amplifier and 
the integrator have a class A output stage, with 100 pA of 
quiescent current. A 20 pA drive current gives negligible 
linearity errors. Values of 5 pA to 40 pA give good results. 
The exact value of an integrating resistor for a 20 pA current 
is easily calculated. 

full-scale voltage 

-20]iA- 

Integrating Capacitor 

The product of integrating resistor and capacitor should 
be selected to give the maximum voltage swing that ensures 
the tolerance build-up will not saturate the integrator swing 
(approximately 0.3V from either supply). For±5V supplies 
and ANALOG COMMON tied to supply ground, a ±3.5V to 
±4V full-scale integrator swing is adequate. A 0.10 pF to 0.47 
pF is recommended. In general, the value of Cint is given by: 

_ [10,000 X clock period] x I|nt 

Integrator output voltage swing 

(10,000) (clock period) (20 pA) 

Integrator output voltage swing 

Avery Important characteristic of the integrating capaci¬ 
tor is that it has low dielectric absorption to prevent rollover 
or ratiometric errors. A good test for dielectric absorption is 
to use the capacitor with the input tied to the reference. This 
ratiometric condition should read half-scale 0.9999. any 
deviation is probably due to dielectric absorption. Polypro¬ 
pylene capacitors give undetectable errors at reasonable 
cost. Polystyrene and polycarbonate capacitors may also be 
used in less critical applications. 

Auto-Zero and Reference Capacitors 

The size of the auto-zero capacitor has some influence 
on the noise of the system. A large capacitor reduces the 
noise. The reference capacitor should be large enough such 
that stray capacitance to ground from its nodes is negligible. 

The dielectric absorption of the reference capacitor and 
auto-zero capacitor are only important at power-on, or when 
the circuit is recovering from an overload. Smaller or cheaper 
capacitors can be used if accurate readings are not required 
for the first few seconds of recovery. 


The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. For this 
reason, It Is recommended that a high-quality reference be 
used where high-accuracy absolute measurements are 
being made. Suitable references are: 


Part Type 

Manufacturer 

TC04A 

Teledyne Components 

TC8069 



Conversion Timing 

Line Frequency Rejection 

A signal integration period at a multiple of the 60 Hz line 
frequency will maximize 60 Hz "line noise" rejection. 

A 200 kHz clock frequency will reject 60 Hz and 400 Hz 
noise. This corresponds to five readings per second. 


Conversion Rate vs Clock Frequency 


Oscillator Frequency 


Conversion Rate 

(kHz) 


(Conv/Sec) 

100 


2.5 

120 


3 

200 


5 

300 


7.5 

400 


10 

800 


20 

1200 


30 


Oscillator Frequency 

Line Frequency Rejection 

(kHz) 

60 Hz 50 Hz 400 Hz 

50.000 

• 


53.333 

— 

— 

66.667 

• 

— 

80.000 

— 

— 

83.333 

— 

• • 

100.000 

• 

• • 

125.000 

~ 

• • 

133.333 

— 

— 

166.667 

— 

_ 

200.000 

• 

— 

250.000 

— 

• • 


The conversion rate Is easily calculated: 


Reference Voltage 

The analog input required to generate a full-scale output 
is V|N = 2 Vref- 


Conversion Rate 
(Readings 1/sec) = 


Clock Frequency (Hz) 
4000 
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Power Supplies and Grounds 

Power Supplies 

The TC835 is designed to work from ±5V supplies. For 
single +5V operation, a TC7660 can provide a -5V supply. 

Grounding 

Systems should use separate digital and analog ground 
systems to avoid loss of accuracy. 

Displays and Driver Circuits 

Teledyne Components manufactures two display de- 
coder/driver circuits to interface the TC835 to an LCD or LED 
display. Each drive has 28 outputs for driving four 7-segment 
digit displays. 


Device 

Package Description 


TC7211AIPL 

40-Pin Epoxy 4-Digit LCD Driver/Decoder 

TC7212AIPL 

40-Pin Epoxy 4-Digit LED Driver/Decoder 

Several sources exist for LCD and LED display: 

Manufacturer 


Address 

Display 

Type 

Hewlett Packard 
Components 


640 Page Mill Rd. 

Palo Alto, CA 94304 

LED 

Litronix, Inc. 


19000 Homestead Rd. 
Cupertino, CA 94010 

LED 

AND 


770 Airport Blvd. 
Burlingame, CA 94010 

LCD and 
LED 

Epson America, Inc. 

3415 Kanhi Kawa St. 
Torrence, CA 90505 

LCD 


High-Speed Operation 

The maximum conversion rate of most dual-slope A/D 
converters Is limited by the frequency response of the 
comparator. The comparator in this circuit follows the Inte¬ 
grator ramp with a 3 |is delay, and at a clock frequency of 
200 kHz (5 |i.s period), half of the first reference integrate 
clock period is lost in delay. This means that the meter 
reading will change from 0 to 1 with a 50 input, 1 to 2 with 
150 pV, 2 to 3 at 250 pV, etc. This transition at mid-point is 
considered desirable by most users; however, if the clock 
frequency Is increased appreciably above 200 kHz, the 
instrument will flash "1" on noise peaks even when the Input 
is shorted. 


For many dedicated applications where the input signal 
is always of one polarity, the delay of the comparator need 
not be a limitation. Since the nonlinearity and noise do not 
Increase substantially with frequency, clock rates of up to 
~1 MHz may be used. Fora fixed clock frequency, the extra 
count or counts caused by comparator delay will be a 
constant and can be subtracted out digitally. 

The clock frequency may be extended above 200 kHz 
without this error, however, by using a low-value resistor in 
series with the integrating capacitor. The effect of the 
resistor is to introduce a small pedestal voltage on to the 
Integrator output at the beginning of the reference integrate 
phase. By careful selection of the ratio between this resistor 
and the integrating resistor (a few tens of ohms in the 
recommended circuit), the comparator delay can be com¬ 
pensated and the maximum clock frequency extended by 
approximately a factor of 3. At higher frequencies, ringing 
and second-order breaks will cause significant nonlinearlties 
in the first few counts of the instrument. 

The minimum clock frequency is established by leakage 
on the auto-zero and reference capacitors. With most de¬ 
vices, measurement cycles as long as 10 seconds give no 
measurable leakage error. 

The clock used should be free from significant phase or 
frequency jitter. Several suitable low-cost oscillators are 
shown in the applications section. The multiplexed output 
means that if the display takes significant current from the 
logic supply, the clock should have good PSRR. 

Zero-Crossing Flip-Flop 

The flip-flop Interrogates the data once every clock 
pulse after the transients of the previous clock pulse and 
half-clock pulse havedieddown. False zero-crossings caused 
by clock pulses are not recognized. Of course, the flip-flop 
delays the true zero-crossing by up to one count in every 
Instance, and if a correction were not made, the display 
would always be one count too high. Therefore, the counter 
Is disabled for one clock pulse at the beginning of the 
reference integrate (deintegrate) phase. This one-count 
delay compensates for the delay of the zero-crossing flip- 
flop, and allows the correct number to be latched Into the 
display. Similarly, a one-count delay at the beginning of 
auto-zero gives an overload display of 0000 instead of 0001. 
Nodelay occurs during signal integrate, sothattrue ratlometric 
readings result. 
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TYPICAL APPLICATION DIAGRAMS 



a. lfRi = R 2 =Ri,f = 0.55/RC 

b. If R2» Ri,f = 0.45/RiC 

c. If R 2 » Ri,f = 0.72/RiC 


2. Examples: 

a. f = 120kHz, C = 420pF 

R2 

Rl = R2=10.9k£2 100 kn 

b. f = 120 kHz, C = 420 pF, R 2 = 50 kQ 
Rl = 8.93 kn 


c. f = 120 kHz, C = 220 pF, R 2 = 5 kn 
Ri = 27.3 kn 
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TYPICAL APPLICATIONS DIAGRAMS (Cont.) 
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4-1/2 Digit ADC interfaced to LCD With Digit Bianking on Overrange 



1-112 













4-1/2 Digit ADC with Multiplexed Common Cathode LED Display 
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^^^^TELEDYNE 

COMPONENTS 


1 


TC7106/7106A 
TC7107/7107A 


3-1/2 DIGIT A/D CONVERTER 

FEATURES 

i Internal Ref^renco with 

Low Temperature Drift.20 ppm/°C Typical 

50 ppm/'^C Maximum 

a Drives LCD (TC7105) or LED (TC7107) Display 
Directly 

a Guaranteed Zero Reading With Zero Input 
a Low Noise for Stable Display 
a Auto-Zero Cycle Eliminates Need for Zero 
Adjustment 


a True Polarity Indication for Precision Null 
Applications 

a Convenient 9 V Battery Operation (TC7106A) 
a High Impedance CMOS Differential Inputs ....10^^Q 
a Differential Reference Inputs Simplify Ratiometric 
Measurements 

a Low Power Operation.10 mW 

a Available in 60-Pin Plastic Flat Package 



Figure 2 TC7107A Typical Operating Circuit 


1075-1 (4350) 
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GENERAL DESCRIPTION 

The TC7106A and TC7107A 3-1/2 digit direct display 
drive analog-to-digital converters allow existing 7106/7107 
based systems to be upgraded. Each device offers a 
precision internal voltage reference featuring a 20 ppnV®C 
maximum temperature drift coefficient. This represents a 4 
to 7 times improvement over similar 3-1/2 digit converters. 
Existing 7106 and 7107 based systems may be upgraded 
without changing external passive component values. The 
need for a costly, space consuming external reference is 
removed. The TC7107A drives common anode light emit¬ 
ting diode (LED) displays directly with an 8 mA drive cur¬ 
rent per segment. A low cost, high resolution indicating 
meter requires only a display, four resistors, and four ca¬ 
pacitors. The TC7100A low power drain and 9 V battery 
operation make it suitable for portable applications. 

The TC7106A/TC7107A reduces linearity error to less 
than 1 count. Rollover error—’the difference in readings for 
equal magnitude but opposite polarity input signals—is 


below ±1 count. ^ High impedance differential inputs offer 
1 pA leakage current and a lO^^Dl input impedance. The 
differential reference Input allows ratiometric measurements 
for ohms or bridge transducer measurements. The 
13 pVp^P noise performance guarantees a “rock solid” 
reading. The auto-zero cycle guarantees a zero display 
reading with a zero volt input. 

The TC7106A/TC7107A dual Slope conversion tech¬ 
nique automatically rejects interference signals if the con¬ 
verters integration time is set to a multiple of the interfere 
ence signal period. This is especially useful in industrial 
measurement environments where 30, 60 and 400 Hz line 
frequency signals are present. 

The TQ71O6A/TO7107A are available in a small 
60-pln flat package for compact designs. DIP devices are 
coffered in an industrial temperature range. 


ORDERINO INFORMATION 


Part No. 

Package 

Pin Layout 

Temperature Range 

Piaplay Drive 

TC7106CPL 

40-Pin Plastic DIP 

Normal 

O'G to +70®C 

LCD 

TC7106RCPL 

40-Pin Plastic DIP 

Reverse 

O^’C to +70'*C 

LCD 

TG7106IJL 

40-Pin GerDIP 

Normal 

-25°C to +85°C 

LCD 

TG7106CBQ 

00-Pin Plastic Flat Package 

Formed Leads 

O^G to +70‘’C 

LCD 

TG710eGKW 

44-Pin Plastic Flat 

Formed Leads 

O^’G to +70'’G 

LCD 

TG7106GLW 

44-Pin PLCG 

— 

O'^C to +70'’C 

LCD 

TG7107GPL 

40-Pin Plastic DIP 

Normal 

0°G to +70'‘G 

LED 

TG7107RGPL 

40-Pin Plastic DIP 

Reverse 

O^C to +70"G 

LED 

TC7107IJL 

40-Pin GerDIP 

Normal 

to 

LED 

TG7107GBQ 

60-Pin Plastic Flat Package 

Formed Leads 

O^G to +70'’G 

LED 

TG7107GKW 

44-Pin Plastic Flat 

Formed Leads 

0°C to +70°C 

LED 

TG7107GLW 

44-Pin PLGG 

— 

to +70’C 

LED 

TG7106AGPL 

40-Pin Plastic DIP 

Normal 

0'’Gto+70°C 

LCD 

TG7106ARGPL 

40-Pin Plastic DIP 

Reverse 

0®C to +70‘‘G 

LCD 

TG7106AIJL 

40-Pin GerDIP 

Normal 

-25°C to +85‘'C 

LCD 

TG7106AGBQ 

60-Pin Plastic Flat Package 

Formed Leads 

O'^G to +70®C 

LCD 

TG7106AGKW 

44-Pin Plastic Flat 

Formed Leads 

0^0 to +70"G 

LCD 

TG710eAGLW 

44-Pin PLCG 


0°G to +70"G 

LCD 

TC7107ACPU 

40-Pin Plastic DIP 

Normal 

0®G to +70X 

LED 

TG7107ARGPL 

40-Pin Plastic DIP 

Reverse 

0°C to +70®G 

LED 

TC7107AIJL 

40-Pin GerDIP 

Normal 

-25°Cto+85®C 

LED 

TG7107AGBQ 

60-Pin Plastic Flat Package 

Formed Leads 

O'^G to +70°C 

LED 

TG7107AGKW 

44-Pin Plastic Flat 

Formed Leads 

0°G to +70°C 

LED 

TG7107AGLW 

44-Pin PLGG 

— 

O’C to +70’C 

LED 


M16 



3 1/2 DIGIT A/D CONVERTER 


TC7106/7106A 
TC7107/7107A 


PIN CONFIGURATIONS 


*□: 

'lE 




V+ 

Cl 

Bi[T 

AlIT 

CH 
Cl cz 
El CZ 

cjQo; 

E 2 QI 
A2QI; 
F2D1 
EjQi 

D3QI 
83 Qi 
T" EaQf 

I_ EaQT 

'AB4DI 
POL [m 
(MINUS SIGN) 


NORMAL PIN 
CONFIGURATION 


10's 


100'S 


TC7106A 

TC7107A 


1000's 


40^ OSCt 
39l OSC 2 
38] OSC 3 
37] TEST 
i«l''BEF 

SIvSef 

MICreF 

Hcref 

^ AN/kLOG 
^ COMMON 

mvrN 

^V7n 

MJcaz 

28] VbuFF 
mVlNT 

M] 

I] G2~1 

Hlca I 

HlAg I 

II] G3 _I 

m BP/GND 

(7106A/7107A) 


OSC, 

OSC 2 

OSC3 

TEST 

'^REF 


Q 

CZ 

CZ 

[Z 

CZ 


REVERSE PIN 
CONFIGURATION 


C^F Z 
CrefZ 

ANALOG r-Q- 
COMMON 

vr. 


IN 

VtN 

CaZ 

VbuFF 

Vint 

v“ 

C 2 

C 3 


r: 

lod's 

L 


<53 

BP/GND 

(7106A//107A) 


m. 

[u 

z 

QI 

m 

m. 

or 

[Z 

[20 


TC7106AR 

TC7107AR 


39] 

151 

Z] 

Z] 

Z] 

34] 

33] 

in 

IE 

lol 

m 

28] 

IE 

IE 

25] 

IE 

H] 


jj 

AB 4 -*-1000's 

POL 

(MINUS SIGN) 


o w 

z o o o 


X 2 
11 . u. 


u> u- ^ 4. o 

UJ UJ S X ^ 

0 “ 0 “ 8 I 5 
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PIN CONFIGURATIONS (Cont.) 





1 U NU nZOl^Mnn 

j»ZOZU<ZMOO&<lijir(D 



RHRRRRRRHRRRRHR 


RRHRRRRRRRRRRRR 


viwr[^ 


Ill V|mT 


ID 02 

Vbuff 


1#] E2 Vbuff 


ID £2 

NC 


la] F2 NC 


ID F2 

Ca2[H! 


iZ] Aa Ca2 


ID A2 

NC (1£ 


ITj B 2 NC 


ID Ba 

vTnCE 


^ C2 V,N [JT 


IDcj 

NC [ST 


IT] NC NC [52 


TTI NC 

sue 

TcnosA 

Til SUfi SUB 

TC7107A 

ID sue 

NC [sT 


TTI NC NC QT 


ID NC 

V|1<|il 


iD Ul 


ID 02 

NC (jT 


~2o1 El NC QT 


ID El 

COMMON \Tf 


TTj di COMMON 


ID Ol 

cref[^ 


^ Pi cref [m 


ID '^1 

cfeeFEE 


ID Ai C^EF [H 


ID Al 

Vref [«1 

• 

ID Bi VreE [w 

• 

jD 


UldlilliJliJilJtlJiiJIlJMliliyy 





^ t Z 8 « 8 


.| S S 1 " i p 1 S 0 - g S s. = .r 


NOTES: 


NOTES: 




1. Nu m NO IN 1 CnNAL. OONNcOTiON 

2 . FINS a, 22 , sa AND 52 ARE CONNECTED TO THE DIE SUBSTRATE. THE 

AI ATTUi(?bb blue ib ADDbAviUAYbi v cytbduai 



CONNECTIONS SHOULD BE MADE. 


r 0 1 CN 1 lAlv A1 1 11 tb b I'INw ISs Ar r NO AIM A1 bLT V • NO CA11* NN AL 

CONNECTIONS SHOULD BE MADE. 
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ABSOLUTE MAXIMUM RATINGS^ 


TC7106A 

Supply Voltage (V'*’ to V“).15 V 

Analog Input Voltage (either input) (Note 1).V+ to V~ 

Reference Input Voltage (either Input).V"^ to V” 

Clock Input.Test to V+ 

Power Dissipation (Note 2) 

CerDIP Package.1000 mW 

Plastic Package.800 mW 

Operating Temperature 

“C” Devices.0°C to +70^*0 

T Devices.•“25°C to +86°C 

Storage Temperature.-65°C to +1$0°C 

Lead Temperature (Soldering, 60 sec).300°C 


TC7107A 

Supply Voltage 

V+.+6V 

V-.-9 V 

Analog Input Voltage (either input) (Note 1).V+ to V" 

Reference Input Voltage (either input).V+ to V~ 

Clock Input.GND to V+ 

Power Dissipation (Note 2) 

CerDIP PAckage.1000 mW 

Plastic Package.800 mW 

Operating Temperature 

“C” Devices.0°C to +70°C 

T Devices.-25°C to +85°C 

Storage Temperature. -6S°C to +150°C 

Lead Temperature (Soldering, 60 sec).300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (Note 3) 


Characteristics Conditions 

1 TC811 

Unit 

Min 

Typ 

Max 

Zero Input Reading V|n = 0.0 V 

Full-Scale = 200.0 mV 

-000.0 

±000.0 

+000.0 

Digital 

Reading 

Ratiometric Reading Vin = Vref 

Vref =100 mV 

999 

999/1000 

1000 

Digital 

Reading 

Roll-Over Error (Difference in -Vin = +Vin = 200 mV 

Reading for Equal Positive and 

Negative Reading Near Full-Scale) 

-1 

±0.2 

+1 

Counts 

Linearity (Max. Deviation From Full-Scale = 200 mV 

Best Straight Line Fit) or Full-Scale = 2.000 V 

-1 

±0.2 

+1 

Counts 

Common-Mode Vcm = ±1V, Vin = OV, 

Rejection Ratio (Note 4) Full Scale = 200.0 mV 

— 

50 

— 

pV/V 

Noise (Pk-Pk Value Not Vin = 0V 

Exceeded 95% of Time) Full-Scale = 200.0 mV 

— 

15 


fV 

Leakage Current @ Input V|n = 0 V 

— 

1 

10 

pA 

Zero Reading Drift V|n = 0 V 

“C” Device = 0‘’C to 70°C 

V,N = 0V 

“I” Device = -25°C to -h85°C 


0.2 

1.0 

1 

2 

pV/°C 

pV/°C 

Scale Factor V|n = 199.0 mV, 

Temperature Coefficient “C” Device = 0°C to 70°C 

(Ext. Ref = 0 ppm°C) 

V|N= 199.0 mV 

“1” Device = -25®C to +85°C 

— 

1 

5 

20 

ppm/°C 

ppm/°C 

Supply Current (Does Not Vin = 0 

Include LED Current For TC7107A) 

— 

0.8 

1.8 

mA 

Analog Common Voltage 25kQ Between Common 

(With Respect to Pos. Supply) and Pos. Supply 

2.7 

3.05 

3.35 

V 

Temp. Coeff. of 25kn Between Common 

Analog Common and Pos. Supply 

(With Respect 0°C < Ta < 70°C 

to Pos. Supply) “C,” Industrial Temp. Range Devices 

— 

20 

50 

ppm/°C 

Temp. Coeff. of 25kQ Between Common 

Analog Common and Pos. Supply 

(With Respect 0°C ^ Ta < 85X 

to Pos. Supply) “1,” Industrial Temp. Range Devices 

— 

— 

75 

ppm/°C 

TC7106A ONLY Pk - Pk V+ to V = 9 V 

Segment Drive Voltage (Note 5) 

4 

5 

6 

V 

TC7106A ONLY Pk - Pk V-^ to V = 9 V 

Backplane Drive Voltage (Note 5) 

4 

5 

6 

V 

TC7107AONLY V+ := 5.0 V 

Segment Sinking Current (Except Pin 19) Segment Voltage = 3 V 

5 

8.0 

— 

mA 

TC7107AONLY V"^ = 5.0 V 

Segment Sinking Current (Pin 19) Segment Voltage = 3 V 

10 

16 

— 

mA 


NOTES; 


1. Input voltages may exceed the supply voltages provided the input current is limited to ±100 pA. 

2. Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 

3. Unless otherwise noted, specifications apply to both the TC7106A and TC7107A at TA 25°, fcLOCK - 48 kHz. TC7106A is tested in the 
circuit of Figure 1. TC7107A is tested in the circuit of Figure 2. 

4. Refer to “Differential Inpuf discussion. 

5. Backplane drive is in phase with segment drive for “off’ segment, 180° out of phase for “on” segment. Frequency is 20 times conversion 
rate. Average DC component is less than 50 mV. 
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PIN DESCRIPTION 

40-Pln DIP 
Pin Number 
(Normal) 

(Reverse) 

60-Pin 

Flat Package 
Pin Number 

Name 

Description 

1 

(40) 

13 


Positive supply voltage. 

2 

(39) 

14 

Di 

Activates the D section of the units display. 

3 

(38) 

15 

Cl 

Activates the C section of the units display. 

4 

(37) 

16 

Bi 

Activates the B section of the units display. 

5 

(36) 

17 

Ai 

Activates the A section of the units display. 

6 

(35) 

18 

Fi 

Activates the F section of the units display. 

7 

(34) 

19 

Gi 

Activates the G section of the units display. 

8 

(33) 

20 

Ei 

Activates the E section of the units display. 

9 

(32) 

21 

D 2 

Activates the D section of the tens display. 

10 

(31) 

25 

C 2 

Activates the C section of the tens display. 

11 

(30) 

26 

B 2 

Activates the B section of the tens display. 

12 

(29) 

27 

A 2 

Activates the A section of the tens display. 

13 

(28) 

28 

F 2 

Activates the F section of the tens display. 

14 

(27) 

29 

E 2 

Activates the E section of the tens display. 

15 

(26) 

30 

□3 

Activates the D section of the hundreds display. 

16 

(25) 

31 

B 3 

Activates the B section of the hundreds display. 

17 

(24) 

32 

F 3 

Activates the F section of the hundreds display. 

18 

(23) 

33 

E 3 

Activates the E section of the hundreds display. 

19 

(22) 

34 

AB 4 

Activates both halves of the 1 in the thousands display. 

20 

(21) 

35 

POL 

Activates the negative polarity display. 

21 

(20) 

36 

BP 

GND 

LCD Backplane drive output (TC7106A). 

Digital ground (TC7107A). 

22 

(19) 

37 

C 3 

Activates the G section of the hundreds display. 

23 

(18) 

40 

A 3 

Activates the A section of the hundreds display. 

24 

(17) 

41 

C 3 

Activates the C section of the hundreds display. 

25 

(16) 

43 

G 2 

Activates the G section of the tens display. 

26 

(IS) 

45 

V- 

Negative power supply voltage. 

27 

(14) 

46 

Vint 

Integrator output. Connection point for integration capacitor. See 
INTEGRATING CAPACITOR section for more details 

28 

(13) 

47 

Vbuff 

Integration resistor connection. Use a 47 kQ resistor for a 200 mV ^11- 
scale range and a 470 kO resistor for 2V full-scale range. 

29 

(12) 

49 

Caz 

The size of the auto-zero capacitor influences system noise. Use a 
0.47-pF capacitor for 200 mV full scale, and a 0.047-pF capacitor for 

2V full scale. See Paragraph on AUTO-ZERO CAPACITOR for more 
details. 

30 

(11) 

51 

VFn 

The analog low input is connected to this pin. 

31 

(10) 

55 

VfN 

The analog high input signal is connected to this pin. 

32 

(9) 

57 

Analog 

Common 

This pin is primarily used to set the analog common-mode voltage 
for battery operation or in systems where the input signal is 
referenced to the power supply. It also acts as a reference voltage 
source. See paragraph on ANALOG COMMON for more details. 

33 

(8) 

58 

Cref 

See pin 34. 
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PIN DESCRIPTION (Cont.) 

40-Pin DIP 
Pin Number 
(Normal) 

(Reverse) 

60-Pin 

Flat Package 
Pin Number 

Name 

Description 

34 

(7) 

59 

Cref 

A 0 . 1 -pF capacitor is used in most applications. If a large common¬ 
mode voltage exists (for example, the Vijvj pin is not at analog 
common), and a 200-mV scale is used, a 1 -pF capacitor is recom¬ 
mended and will hold the roll-over error to 0.5 count. 

35 

( 6 ) 

60 

Vref 

See pin 36. 

36 

(5) 

1 

VSef 

The analog input required to generate a full-scale output (1999 
counts). Place 100 mV between pins 35 and 36 for 199.9 mV 
full-scale. Place IV between pins 35 and 36 for 2 V full scale. See 
paragraph on REFERENCE VOLTAGE. 

37 

(4) 

3 

Test 

Lamp test. When pulled high (to V+) all segments will be turned on 
and the display should read -1888. It may also be used as a negative 
supply for externally-generated decimal points. See paragraph under 
TEST for additional information. 

38 

(3) 

4 

OSC 3 

See pin 40. 

39 

( 2 ) 

6 

OSC 2 

See pin 40. 

40 

( 1 ) 

10 

OSC 1 

Pins 40, 39, 38 make up the oscillator section. For a 48-kHz clock 
(3 readings per section), connect pin 40 to the junction of a lOO-kO 
resistor and a 100-pF capacitor. The 100 -kQ resistor is tied to pin 39 
and the 100 -pF capacitor is tied to pin 38. 


General Theory of Operation 
Dual Slope Conversion Principles 

The TC7106A and TC7107A are dual slope, integrating 
analog-to-digital converters. An understanding of the dual 
slope conversion technique will aid In following the detailed 
operation theory. 

The conventional dual slope converter measurement 
cycle has two distinct phases: 

• Input Signal Integration 

• Reference Voltage Integration (Deintegration) 

The input signal being converted is integrated for a fixed 
time period (Tsi). Time is measured by counting clock 
pulses. An opposite polarity constant reference voltage is 
then integrated until the integrator output voltage returns to 
zero. The reference integration time is directly proportional 
to the Input signal (Tri). (Figure 3A). 

In a simple dual slope converter a complete conversion 
requires the integrator output to “ramp-up” and “ramp- 
down.” 

A simple mathematical equation relates the input signal, 
reference voltage and integration time: 

F" ■ w 

0 


where: 


Vr = Reference Voltage 

Tsi = Signal Integration Time (Fixed) 

Tri = Reference Voltage Integration Time (Variable) 


For a constant V|n: 
V|N = Vr 

Tsi 
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Figure 3A Basic Dual Slope Converter 
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The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. An Inherent benefit is 
noise immunity. Noise spikes are integrated or averaged to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes¬ 
sive approximation converters in high noise environment. 
Interfering signals with frequency components at multiples 
of the averaging period will be attenuated. Integrating ADCs 
commonly operate with the signal integration period set to a 
multiple of the 50/60 Hz power line period, (Figure 3B) 


Signal Integrate Cycle 

The auto-zero loop In opened, the internal differential 
inputs connect to Vjfj and Vn; 4 . The differential input signal is 
integrated for a fixed time period. The signal integration 
period is 1000 counts. The externally set clock frequency is 
divided by four before clocking the Internal counters. The 
integration time period is: 




0.1/T 1/T 10/r 

INPUT FREQUENCY 


4350 ILL F06 


Figure 3B Normal-Mode Rejection of Dual Slope Converter 

Analog Section 

In addition to the basic signal integrate and deintegrate 
cycles discussed, the circuit incorporates an auto-zero 
cycle. This cycle removes buffer amplifier, integrator, and 
comparator offset voltage error terms from the conversion. 
A true digital zero reading results without external adjusting 
potentiometers. A complete conversion consists of three 
cycles: an auto zero, signal integrate and reference inte¬ 
grate cycle. 

Auto-Zero Cycle 

During the auto-zero cycle the differential input signal is 
disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero input condition. Additional 
analog gates close a feedback loop around the integrator 
and comparator. This loop permits comparator offset volt¬ 
age error compensation. The voltage level established on 
Caz compensates for device offset voltages. The offset error 
referred to the input Is less than 10 pV. 

The auto-zero cycle length is 1000 to 3000 counts. 


fosc = External Clock Frequency 

The differential input voltage must be within the device 
common-mode range (1 V of either supply) when the con¬ 
verter and measured system share the same power supply 
common (ground). If the converter and measured system do 
not share the same power supply common, Vin should be 
tied to analog common. 

Polarity Is determined at the end of signal integrate 
phase. The sign bit Is a true polarity Indication in that signals 
less than 1 LSB are correctly determined. This allows 
precision null detection limited only by device noise and 
auto-zero residual offsets. 

Reference Integrate Cycle 

The final phase is reference integrate or de-integrate. 
V|N is internally connected to analog common and VJn is 
connected across the previously charged reference capaci¬ 
tor. Circuitry within the chip ensures that the capacitor will be 
connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the Input signal and is 
between 0 and 2000 counts. The digital reading displayed is: 


Digital Section (TC7106A) 

The TC7106A (Figure 5) contains all the segment driv¬ 
ers necessary to directly drive a 3 1/2 digit liquid crystal 
display (LCD). An LCD backplane driver is Included. The 
backplane frequency is the external clock frequency divided 
by 800. For three conversions/second the backplane fre¬ 
quency is 60 Hz with a 5 V nominal amplitude. When a 
segment driver is in phase with the backplane signal the 
segment is “OFF.” An out of phase segment drive signal 
causes the segment to be “ON” or visible. This AC drive 
configuration results in negligible DC voltage across each 
LCD segment. This insures long LCD display life. The 
polarity segment driver is “ON” for negative analog Inputs. If 
Vjfj and VIn ere reversed this Indicator would reverse. 
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Figure 5 TC7106A Block Diagram 
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On the TC7106A when the test pin is pulled to V+ all 
segmentsareturned“ON ” The display reads-1888. During 
this mode the LCD segments have a constant DC voltage 
impressed. Do not leave the display in this mode for more 
than several minutes. LCD displays may be destroyed If 
operated with DC levels for extended periods. 

The display FONT and the segment drive assignment 
are shown in Figure 6. 


DISPLAY FONT 

OieBHSSldS 


-1000's-1—1 OO'S —^—lO's 


—j—100S-1 


-Ts—I 


__ I o o o 

I u u u 
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Figure 6 Display FONT and Segment Assignment 

In the TC7106A an internal digital ground is generated 
from a 6 volt zener diode and a large P channel source 
follower. This supply is made stiff to absorb the large 
capacitive currents when the backplane voltage is switched. 

Digital Section (TC7107A) 

Figure 7 shows the TC7107A. It is identical to the 
TC7106A except that the regulated supply and back plane 
drive have been eliminated and the segment drive Is typi¬ 
cally 8 mA. The 1000 output (pin 19) sinks current from two 
LED segments, and has a 16 mA drive capability. The 
TC7107A is designed to drive common anode LEDs. 

In both devices, the polarity indication is “on” for nega¬ 
tive analog inputs. If VJn and VjN are reversed, this Indication 
can be reversed also, if desired. 

The display font is the same as the TC7106A. 

System Timing 

The oscillator frequency Is divided by 4 prior to clocking 
the internal decade counters. The three phase measure¬ 
ment cycle takes a total of 4000 counts or 16000 clock 
pulses. The 4000 count cycle is independent of input signal 
magnitude. 

Each phase of the measurement cycle has the following 
length: 

• Auto-Zero Phase: 1000 to 3000 Counts 

(4000 to 12000 Clock Pulses) 

For signals less than full-scale the auto-zero phase is 
assigned the unused reference integrate time period. 


• Signal Integrate: 1000 Counts 

(4000 Clock Pulses) 

This time period Is fixed. The integration period Is: 



Where fosc is the externally set clock frequency. 

• Reference Integrate: 0 to 2000 Counts 

(0 to 8000 Clock Pulses) 

The TC7106A/7107A are drop In replacements for the 
7106/7107 parts. External component value changes are 
not required to benefit from the low drift internal reference. 

Clock Circuit 

Three clocking methods may be used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An R-C oscillator using all three pins. 



Component Value Selection 
Auto-Zero Capacitor - Caz 

The Caz capacitor size has some influence on system 
noise. A 0.47 pF capacitor is recommended for 200 mV full- 
scale applications where 1 LSB is 100 pV. A 0.047 pF 
capacitor is adequate for 2.0 V full-scale applications. A 
mylar type dielectric capacitor is adequate. 

Reference Voltage Capacitor - Cref 

The reference voltage used to ramp the integrator 
output voltage back to zero during the reference integrate 
cycle Is stored on Cref- A 0.1 pF capacitor is acceptable 
when Vi];j Is tied to analog common. If a large common-mode 
voltage exists (Vref ^ analog common) and the application 
requires a 200 mV full-scale increase Cref to 1.0 pF. 
Rollover error will be held to less than 0.5 count. A mylar type 
dielectric capacitor is adequate. 
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Figure 7 TC7107A Block Diagram 
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Integrating Capacitor - Cint 

Cint should be selected to maximize integrator output 
voltage swing without causing output saturation. Due to the 
TC7106A/7107A superior analog common temperature 
coefficient specification, analog common will normally sup¬ 
ply the differential voltage reference. For this case a ±2 V full- 
scale Integrator output swing is satisfactory. For 3 readings/ 
second (fosc = 48 kHz) a 0.22 pF value is suggested. If a 
different oscillator frequency is used Cint must be changed 
in inverse proportion to maintain the nominal ±2 V integrator 
swing. 

An exact expression for Cint is: 


Cint = - 


(4000) (-^) (^) 
fosc Hint 


Vint 


Where: 

fosc = Clock frequency at Pin 38 

Vfs = Full-scale input voltage 

Pint = Integrating resistor 

Vint = Desired full-scale integrator output swing 

Cint must have low dielectric absorption to minimize 
rollover error. An inexpensive polypropylene capacitor is 
recommended. 

INTEGRATING RESISTOR - R|nt 

The input buffer amplifier and integrator are designed 
with class A output stages. The output stage idling current is 
100 |liA. The integrator and buffer can supply 20 pA drive 
currents with negligible linearity errors. Pint is chosen to 
remain in the output stage linear drive region but not so large 
that printed circuit board leakage currents induce errors. For 
a 200 mV full-scale Pint is 47 kQ. A 2.0 V full-scale requires 
470 kQ. 


Component 

Nominal Full-Scale Voltage 

Value 

200.0 mV 

2.000 V 

Caz 

0.47 

0.047 ^F 

Hint 

47 kn 

470 kn 

Cint 

0.22 ^iF 

0.22 ^iF 


Note: 1. fosc = 48 kHz (3 readings/sec) 


Oscillator Components 

Rose (Pin 40 to Pin 39) should be 100 kQ. Cose is 
selected from the equation: 

^ 0.45 


For fosc of 48 kHz, Cose is 100 pF nominally. 

Note that fosc is divided by fourto generate the TC7106A 
internal control clock. The backplane drive signal is derived 
by dividing fosc by 800. 

To achieve maximum rejection of 60 Hz noise pickup, 
the signal integrate period should be a multiple of 60 Hz. 
Oscillator frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 
40 kHz, 33 1/3 kHz, etc. should be selected. For 50 Hz 
rejection, oscillator frequencies of 200 kHz, 100 Khz, 
66 2/3 kHz, 50 kHz, 40 kHz, etc. would be suitable. Note that 
40 kHz (2.5 readings/second) will reject both 50 and 60 Hz 
(also 400 and 440 Hz). 

Reference Voltage Selection 

A full-scale reading (2000 counts) requires the input 
signal be twice the reference voltage. 


Required Full-Scale Voltage* 

Vref 

200.0 mV 

100.0 mV 

2.000 V 

1.000 V 


* Vfs = 2 Vref 

In some applications a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, a pressure transducer 
output is 400 mV for 2000 Ib/in^. Pather than dividing the 
input voltage by two the reference voltage should be set to 
200 mV. This permits the transducer Input to be used 
directly. 

The differential reference can also be used when a 
digital zero reading is required when V|n is not equal to zero. 
This Is common in temperature measuring instrumentation. 
A compensating offset voltage can be applied between 
analog common and VjN. The transducer output is con¬ 
nected between VjN and analog common. 

The internal voltage reference potential available at 
analog common will normally be used to supply the convert¬ 
ers reference. This potential is stable whenever the supply 
potential is greater than approximately 7 V. In applications 
where externally generated reference voltage is desired 
refer to Figure 9, 
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Figure 9 External Reference 

Device Pin Functional Description 
Differential Signal Inputs 

(V^N (Pin 31), VfN (Pin 30)) 

The TC7106A/7017A is designed with true differential 
inputs and accepts input signals within the input stage 
common mode voltage range (Vcm)- The typical range is 
-1.0 to V“ +1 V. Common-mode voltages are removed from 
the system when the TC7106A/TC7107A operates from a 
battery or floating power source (isolated from measured 
system) and Vjjsi Is connected to analog common (Vcom): 
See Figure 10. 

In systems where common-mode voltages exist In 
86 dB common-mode rejection ratio minimizes error. Com¬ 
mon-mode voltages do, however, affect the integrator out¬ 
put level. Integrator output saturation must be prevented. A 
worse case condition exists if a large positive Vcm exists in 
conjunction with a full-scale negative differential signal. The 
negative signal drives the integrator output positive along 
with Vcm (Figure 11). For such applications the integrator 


output swing can be reduced below the recommended 
2.0 V full-scale swing. The integrator output will swing within 
0.3 V of V+ or V~ without increasing linearity errors. 



R| = INTEGRATtON RESISTOR 


4350 ILL F13 


Figure 11 Common-Mode Voltage Reduces Available Integrator 
Swing. (Vcom ^ V[n) 


Differential Reference 

(V^ef (Pin 36), Vref (Pin 35)) 

The reference voltage can be generated anywhere 
within the V+ to V“ power supply range. 

To prevent rollover type errors being induced by large 
common-mode voltages Cref should be large compared to 
stray node capacitance. 

TheTC7106A/TC7107A circuits have signif icantly lower 
analog common temperature coefficient. This potential gives 
a very stable voltage suitable for use as a voltage reference. 
The temperature coefficient of analog common is 20 ppm/°C 
typically. 



Figure 10 Common-Mode Voltage Removed in Battery Operation with Vi^ = Analog Common 
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Analog Common (Pin 32) 

The analog common pin is set at a voltage potential 
approximately 3.0 V below V+. The potential is guaranteed 
to be between 2.7 V and 3.35 V below V+. Analog common 
is tied internally to the N channel FET capable of sinking 20 
mA. This FET will hold the common line at 3.0 V should an 
external load attempt to pull the common line toward V+. 
Analog common source current is limited to 10 pA. Analog 
common is therefore easily pulled to a more negative 
voltage (i.e., below -3.0 V). 

TheTC7106A connects the internal V|n and Vlj^j inputs 
to analog common during the auto-zero cycle. During the 
reference integrate phase Vin is connected to analog com¬ 
mon. If ViN is not externally connected to analog common, 
a common-mode voltage exists. This is rejected by the 
converters 86 dB common-mode rejection ratio. In battery 
operation analog common and Vij;j are usually connected 
removing common-mode voltage concerns. In systems where 
ViN is connected to the power supply ground or to a given 
voltage, analog common should be connected to Vi^. 

The analog common pin serves to set the analog section 
reference or common point. The TC7106A is specifically 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 
respect to the TC7106A power source. The analog common 
potential of -3.0 V gives a 6 V end of battery life voltage. 
The common potential has a 0.001%/% voltage coefficient 
and a 15 Q output impedance. 

With sufficiently high total supply voltage (V"^ -V“ > 
7.0 V) analog common is a very stable potential with excel¬ 
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lent temperature stability—^typically 20 ppm/°C. This poten¬ 
tial can be used to generate the reference voltage. An 
external voltage reference will be unnecessary in most 
cases because of the 50 ppm/°C maximum temperature 
coefficient. See Internal Voltage Reference discussion. 

Test (Pin 37) 

The test pin potential is 5 V less than V'^. Test may be 
used as the negative power supply connection for external 
CMOS logic. The test pin is tied to the Internally generated 
negative logic supply (Internal Logic Ground) through a 
5001^ resistor in the TC7106A. The test pin load should be 
no more than 1 mA . 

If test is pulled to all segments plusthe minus sign will 
be activated. Do not operate in this mode for more than 
several minutes with the TC7106A. With Test = V+the LCD 
Segments are impressed with a DC voltage Which will 
destroy the LCD. 

The test pin will sink about 10 mA when pulled to V+. 

Internal Voltage Reference Stability 

The analog common voltage temperature stability has 
been significantly improved (Figure 12). The “A” version of 
the industry standard circuits allow users to upgrade old 
systems and design new systems without external voltage 
references. External R and C values do not need to be 
changed. Figure 13 shows analog common supplying the 
necessary voltage reference for the TC7106A/TC7107A. 



Figure 12 Analog CommonTemperature Coefficient 


Figure 13 internal Voltage Reference Connection 
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Power Supplies 

The TC7107A is designed to work from ±5V supplies. 
However, if a negative supply is not available, it can be 
generated from the clock output with two diodes, two capaci¬ 
tors, and an inexpensive IC. (Figure 14) 

In selected applications a negative supply is not re¬ 
quired. The conditions to use a single -i-5V supply are: 

• The input signal can be referenced to the center of the 
common-mode range of the converter. 

• The signal is less than ±1.5V. 

• An external reference is used. 

The TSC7660 DC to DC converter may be used to 
generate -5 V from +5 V (Figure 15). 


TC7107 Power Dissipation Reduction 

The TC7107A sinks the LED display current and this 
causes heat to build up in the IC package. If the internal 
voltage reference is used, the changing chip temperature 
can cause the display to change reading. By reducing 
package power dissipation such variations can be reduced. 
By reducing the LED common anode voltage the TC7107A 
package power dissipation is reduced. 

Figure 16 is a photograph of a curve-trace display 
showing the relationship between output current and output 
voltage for a typical TC7107CPL. Since a typical LED has 
1.8 volts across it at 7 mA, and Its common anode is 
connected to +5 V, the TC7107A output is at 3.2 V. (point A 
on Figure 15). Maximum power dissipation is 8.1 mA x 3.2 
V X 24 segments = 622 mW. 

Notice, however, that once the TC7107A output voltage 
is above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B in Figure 16) results in 7.7 mA of LED current, 



Figure 15 Negative Power Supply Generation with TC7660 


only a 5 percent reduction. Maximum power dissipation is 
only 7.7 mA x 2.5 V x 24 = 462 mW, a reduction of 26%. An 
output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
mA X 2.2 V X 24 = 385 mW). 



Figure 16 TC7107A Output Current vs Output Voltage 



Figure 14 Generating Negative Supply From +5 V 
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Reduced power dissipation is very easy to obtain. 
Figure 17 shows two ways: either a 5.1 ohm, 1M watt resistor 
or a 1 Amp diode placed in series with the display (but not in 
series with the TC7107A). The resistor will reduce the 
TC7107A output voltage, when all 24 segments are “ON,” to 
point “C” of Figure 16. When segments turn off, the output 
voltage will increase. The diode, on the other hand, will result 
in a relatively steady output voltage, around point “B.” 

In addition to limiting maximum power dissipation, the 
resistor reduces the change in power dissipation as the 
display changes. This effect is caused by the fact that, as 
fewer segments are “ON,” each “ON” output drops more 
voltage and current. For the best case of six segments (a 
“111” display) to worst case (a “1888” display) the resistor 
will change about 230 mW, while a circuit without the resistor 
will change about 470 mW. Therefore, the resistor will 
reduce the effect of display dissipation on reference voltage 
drift by about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de¬ 
signer, a diode may be used instead of the resistor. 



Figure 17 Diode or Resistor Limits Package Power Dissipation 

APPLICATIONS INFORMATION 
LIQUID CRYSTAL DISPLAY SOURCES 


Several LCD manufacturers supply standard LCD dis¬ 
plays to interface with the TC7106A 3 1/2 digit analog-to- 
digital converter. 


Manufacturer 

Address/Phone 

Part Numbers^ 

Crystaloid 

Electronics 

5282 Hudson Dr., 
Hudson, OH 44236 
216/655-2429 

C5335, H5535, 
T5135, SX440 

AND 

770 Airport Blvd., 
Burlingame, CA 94010 
415/347-9916 

FE 0801 

FE 0203 

EPSON 

3415 Kashikawa St., 
Torrance, CA 90505 
213/534-0360 

LD-B709BZ 

LD-H7992AZ 

Hamlin, Inc. 

612 E. Lake St., 

Lake Mills, Wl 53551 
414/648-2361 

3902, 3933, 3903 


Note: 1. Contact LCD manufacturer for full product listing/ 

specifications. 


Light Emitting Diode Display Sources 

Several LED manufacturers supply seven segment 
digits with and without decimal point annunciators for the 
TC7107A. 


Manufacturer 

Address 

Display Type 

Hewlett-Packard 

640 Page Mill Rd. 

LED 

Components 

Palo Alto, CA 94304 


And 

770 Airport Blvd. 

LED 


Burlingame, CA 94010 


Decimal Point and Annunciator Drive 

The test pin is connected to the internally-generated 
digital logic supply ground through a 500 ^ resistor. The test 
pin may be used as the negative supply for external CMOS 
gate segment drivers. LCD display annunciators for decimal 
points, low battery indication, or function indication may be 
added without adding an additional supply. No more than 
1 mA should be supplied by the test pin. The test pin potential 
is approximately 5 V below V"^. 

Ratiometric Resistance Measurements 

The true differential input and differential reference 
make ratiometric reading possible. Typically in a ratiometric 
operation, an unknown resistance Is measured with respect 
to a known standard resistance. No accurately defined 
reference voltage is needed. 
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. I 


v+ 


j 1 



, 1 
' 4049 1 

TC7106A 


1 1 

, 1 

BP 

21 




TEST 

37 

[GND 


TO LCD 

DECIMAL 

POINT 


TO LCD 
BACK¬ 
PLANE 


The unknown resistance is put in series with a known 
standard and a current passed through the pair. The voltage 
developed across the unknown is applied to the input and 
the voltage across the known resistor is applied to the 
reference input. If the unknown equals the standard, the 
display will read 1000. The displayed reading can be deter¬ 
mined from the following expression: 

R Unknown 

Displayed Reading = ——-;— x 1000 

^ ^ ^ R Standard 

The display will overrange for R Unknown > 2 x R 
standard. 




BP 


TC7106A 


DECIMAL 

POINT 

SELECT 


TEST 



4030 

“ Tcnd 


TO LCD 

DECIMAL 

POINTS 


4350 ILL F20 



Figure 18 Decimal Point Drive Using Test as Logic Ground 


Figure 19 Low Parts Count Ratiometric Resistance 
Measurement 



Figure 20 3 1/2 Digit True RMS AC DMM 
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’ 1N914 

20kn; 


V.N 

Vj5^ TC7106A 


0.7%/“C >^n 
PTC S ”3 


Figure 21 Temperature Sensor 


Figure 22 Positive Temperature Coefficient Resistor 
Temperature Sensor 



v+ 


REF02 

VOUT 


ADJ 


TEMP 

GND 


4 



CONSTANT 5 V 


51 kQ 5.1 kn TC911 


TEMPERATURE 

DEPENDENT 

OUTPUT 


V+ 

V^REF^^ 

TC7106A 

V^REF 

Vps = 2.00 V 

V-|N 

V+IN 

COMMON 


Figure 23 Integrated Circuit Temperature Sensor 
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Figure 24 TC7106A Using the internal Reference. 
(200 mV Full-Scale, 3 RPS). 



Figure 26 Circuit for Developing Underrange and Overrange 
Signals from TC7106A Outputs. 


TC7106/7106A 
TC7107/7107A 



Figure 25 TC7107A Internal Reference (200 mV Full-Scale, 

3 RPS, V|N Tied to GND for Single Ended inputs). 



Figure 27 TC7106A/TC7107A: Recommended Component 
Values for 2.00 V Full-Scale 
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Figure 28 TC7107A With a 1.2 V External Band-Gap Reference. Figure 29 TC7107A Operated from Single-4-5 V Supply An 

(V"iN Tied to Common.) External Reference Must Be Used in This Application. 
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COMPONENTS 
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TC7116 TC7117 

TC7116A TC7117A 


3-1/2 DIGIT ANALOG-TO-DIGITAL CONVERTERS WITH HOLD 

FEATURES 


M Low Temperature Drift Internal Reference 

TC7116/TC7117.80 ppm/°C Typ 

TC7l16An-C7117A.20 ppm/°C Typ 

M Diaplay Hold Function 
il Directly Drives LCD or LED Display 
11 Guaranteed Zero Reading With Zero Input 
II Low Noise for Stable 

Display.2V or 200 mV Full-^Scale Range (FSR) 


■ Auto-Zero Cycle Eliminates Need for Zero 
Adjustment Potentiometer 
tt True Polarity Indication for Precision Null 
Applications 

M Convenient 9V Battery Operation 
(TC7l16/rC7116A) 

M High Impedance CMOS Differential Inputs ... 10^ 
tt Low Power Operation.10 mW 


0.22 mF 


0.1 pF 

,_llL, qO\SPI. 


DISPUY 



V|NT V- 

QSC 2 OSC 3 OSCi 


38[ CqscI 


Rose 100 pF 

•vw- 

100 kO 


TO ANALOC 
COMMON (PIN 32) 


3 CONVERSIONS/SEC 


Figure 1 Typical TC7116/TC7116A Operating Circuit 



1077-1 


Figure 2 Typical TC7117/TC7117A Operating Circuit 
1-135 









3-1/2 DIGIT ANALOG-TO-DIGITAL 
CONVERTERS WITH HOLD 
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GENERAL DESCRIPTION 

The TC7116A and TC7117A feature a precision, low- 
drift internal reference, and are functionally identical to the 
TC7116/TC7117. A low-drift external reference is not 
normally required with the TC7116A/TC7117A. 

The TC7116A/TC7117A are 3-1/2 digit CMOS analog- 
to-digital converters (ADCs) containing all the active 
components necessary to construct a 0.05% resolution 
measurement system. Seven-segment decoders, polarity 
and digit drivers, voltage reference, and clock circuit are 
integrated on-chip. The TC7116A drives liquid crystal 
displays (LCDs) and includes a backplane driver. The 
TC7117A drives common anode light emitting diode (LED) 
displays directly with an 8-mA drive current per segment. 

These devices Incorporate a display hold (HLDR) 
function. The displayed reading remains indefinitely, as 
long as HLDR is held high. Conversions continue, but 
output data display latches are not updated. The reference 
low input (Vref) is not available as it is with the TC7106/ 
7107. Vref is tied internally to analog common in the 
TC 711 QN7 117A devices. 

ORDERING INFORMATION 


The TC7116A/7117A reduces linearity error to less 
than 1 count. Roll-over error (the difference In readings for 
equal magnitude but opposite polarity input signals) is 
below ±1 count. High-impedance differential inputs offer 1 
pA leakage current and a input impedance. The 15 
pVp.p noise performance guarantees a “rock solid” reading. 
The auto-zero cycle guarantees a zero display reading with 
a OV input. 

The TC7116A/7117A dual-slope conversion technique 
automatically rejects interference signals If the converter’s 
integration time is set to a multiple of the interference 
period. This is especially useful In Industrial measurement 
environments where 50-Hz, 60-Hz, and 400-Hz line 
frequency signals are present. 

The TC7116A/7117A are available in a small, 60-pin 
flat package for compact designs. Standard devices are 
offered In an industrial temperature range and with 160- 
hour burn-in at +125°C. 


Part No. 

Package 

Temperature Range 

Reference Temperature 
Coefficient 

Display 

Drive 

TC7116CPL 

40-Pin Plastic DIP 

0°C to +70°C 

80 ppm/°C 

LCD 

TC7116ACPL 

40-Pin Plastic DIP 

OX to -f70°C 

35 ppm/°C 

LCD 

TC7116IPL 

40-Pin Plastic DIP 

-25X to -f85X 

80 ppm/°C 

LCD 

TC7116CJL 

40-Pln CerDIP 

O^C to +70°C 

80 ppm/X 

LCD 

TC7116IJL 

40-Pin CerDIP 

-25°C to +85°C 

80 ppm/°C 

LCD 

TC7116AIJL 

40-Pin CerDIP 

'-25X to +85°C 

35 ppm/°C 

LCD 

TC7116CBQ 

60-Pln Plastic Flat 

OX to -f70X 

80 ppm/°C 

LCD 

TC7116ACBQ 

60-Pin Plastic Flat 

ox to +70°C 

35 ppm/°C 

LCD 

TC7116CKW 

44-Pin Plastic Flat 

OX to +70X 

80 ppm/°C 

LCD 

TC7116ACKW 

44-Pin Plastic Flat 

OX to -h70X 

35 ppm/°C 

LCD 

TC7116CLW 

44-Pin PLCC 

OX to +70X 

80 ppm/°C 

LCD 

TC7116ACLW 

44-Pin PLCC 

0°C to -f70°C 

35 ppm/°C 

LCD 

TC7117CPL 

40-Pin Plastic DIP 

ox to +70X 

80 ppm/°C 

LED 

TC7117ACPL 

40-Pin Plastic DIP 

OX to +70X 

35 ppm/°C 

LED 

TC71171PL 

40-Pin Plastic DIP 

-25X to +85X 

80 ppm/X 

LED 

TC7117CJL 

40-Pin CerDIP 

OX to +70X 

80 ppm/°C 

LED 

TC7117IJL 

40-Pin CerDIP 

-25X to +85X 

80 ppm/°C 

LED 

TC7117AIJL 

40-Pin CerDIP 

-25X to +85X 

35 ppm/°C 

LED 

TC7117CBQ 

60-Pin Plastic Flat 

ox to +70X 

80 ppm/°C 

LED 

TC7117ACBQ 

60-Pin Plastic Flat 

OX to +70X 

35 ppm/°C 

LED 

TC7117CKW 

44-Pin Plastic Flat 

OX to +70X 

80 ppm/°C 

LED 

TC7117ACKW 

44-Pin Plastic Flat 

OX to +70X 

35 ppm/°C 

LED 

TC7117CLW 

44-Pin PLCC 

OX to +70X 

80 ppm/°C 

LED 

TC7117ACLW 

44-Pin PLCC 

0°C to -f70X 

35 ppm/°C 

LED 
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PIN CONFIGURATIONS 





CO -J 

3 (OOlZ Q CD 
(A d (DO Q. < 


iT (f 


V|NT 

''buff 

NC 

Ca/Z [w 
NC [io 
V“IN [m 
NC [ii 
SUB 
NC [m 
V'^IN 
NC [w 
COMMON [57 

CrEfIH 

v+lio 


|45||ii||^|^|4ilfi0||5|[38||3^Pl|35||51|33||ij|5il 


TC7116 
TC7116A 
TC7117 
TC7117A 
(Note 2) 


POL [m 
(MINUS SIGN) 


ii] BP/GND 

(TC7116/7117) 
(TC7116An-C71l7A) 


LLI 111 111 1±] liJ 111 llJliJ liJ l!0] llJ ll2| |i3| hil li5| 
J ^ S ^ ^ ^ ^ ^ ^ 5 tT o- 

+ CC Ui (A (/)(/) (A _J 

> 1- 0 0 0 X 


^ D 3 

il ^2 

^ F 2 

il ^^2 
il ®2 
il ^2 

^ NC 
^ SUB 
^ NC 
^ 02 
il ^1 
ilGl 
il ^ 
il ''i 
il ®i 


cc 

o 

CQ^ d cT I z 


CM rt L» X 

a s a li 

O O O H- X 


C, [? 

ElU 

Djiio 

C2in 
ncQI 
02 Qi 
AaEi 

F2^ 
62 in 
DsOz 




+a ix o ± :z ^ 

u o o z z ^ 


nr 

TC7116CLW 

TC7116ACLW 

TC7117CLW 

TC7117ACLW 

(PLCC) 


lisi H [20] y y y H y 1 ^ y [mI 

« CO n ^ o >C3 CO CO CO CM 

a u. Lu X o z mz o < u o 


3 ^ v"*" 

i|CREF 

il^REF 

^ COMMON 

^IN HI 

^NC 

^IN LO 

^A/Z 

^BUFF 

i^INT 


nc[T 
nc[T 
test|T 
0SC3[T 
nc[7 
0 SC 2 [T 
osc^ |T 

HLDR |T 

DiH 

Ciljo 

Biin 


W|43||^[^WNN|37||Ml|3il|34| 


TC7116CICW 
TC7116ACICW 
TC7117CKW 
TC7117ACKW 
(FLAT PACKAGE) 


i^NC 

3^2 

Eg3 

^GND 

^POL 

^AB4 

m]E3 

Eh 

Eh 


y ii 3 i [14) ji 5 ] ijsJ iiz) iij) 119) (201(22I 


NOTES: 

1. NC = No internal connection. 

2. Pins 8,23, 38, and 53 are connected to the die substrate. The potential at these pins is approximately vt No external connections 
should be made. 
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ABSOLUTE MAXIMUM RATINGS* 


Supply Voltage 

TC7116/TC7116A: V+toV".±15V 

TC7117/TC7117A; to GND. +6V 

V-toGND.-9V 

Analog Input Voltage (Either Input) (Note 1).V"*" to V“ 

Reference Input Voltage (Either Input).V+ to V“ 

Clock Input 

TC7116/TC7116A.TEST to V-^ 

TC7117/TC7117A.GND to V+ 

Power Dissipation (Note 2) 

CerDIP.1000 mW 

Plastic.800 mW 


Operating Temperature 

C Device.0°C to +70°C 

“I” Device.~26°C to +B5°C 

Storage Temperature...-65°C to +150°C 

Lead Temperature (Soldering, 60 sec).300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Note 3) 


Parameter Test Conditions 

Miri 

Typ 

Max 

Unit 

Zero Input Reading V|n = OV 

Full Scale = 200 mV 

— 

±0 


Digital 

Reading 

Ratiometric Reading Vin = Vref 

Vref =100 mV 

999 

999/1000 

1000 

Digital 

Reading 

Roll-Over Error (Difference in -Vin = +Vin = 200 mV or = 2V 

Reading for Equal Positive and 

Negative Readings Near Full Scale) 

-1 

±0.2 

+1 

Counts 

Linearity (Maximum Deviation From Full Scale ^ 200 mV or 2V 

Best Straight Line Fit) 

-1 

±0.2 

+1 

Counts 

Common-Mode Rejection Ratio (Note 4) Vcm = ±1V, Vin = OV 

Full Scale = 200 mV 

— 

50 

— 

pVA/ 

Noise (Peak-to-Peak Value Not Vjn = OV 

Exceeided 95% of Time) Full Scale = 200 mV 


15 


pV 

Leakage Current at Input Vin = OV 


1 

10 

pA 

Zero Reading Drift V|n = OV 

“C” Device: O^'C to -i-70‘'C 
“1” Device: -25®C to +85®C 

— 

0.2 

1 

1 

2 

pV/°C 

pv/°C 

Scale Factor Temperature Coefficient Vin - 199 nnV 

C Device: 0°C to -i-70*^C 
(Ext Ref = 0 ppm/^C) 

“1” Device: -25°C to +B5°C 

— 

1 

5 

20 

ppm/°C 

ppm/°C 

Input Resistance, Pin 1 Note 6 

30 

70 

— 

kQ 

ViL, Pini TC7116AOnly 

— 

— 

Test +1.5 

V 

V|L, Pin1 TC7117AOnly 


— 

GND+1.5 

V 

V|H. Pin 1 Both 

V+-1.5 



V 

Supply Current (Does Not Include Vin = OV 

LED Current for 7117A) 

— 

0.8 

1.8 

mA 

Analog Common Voltage 25 kQ Between Common 

(With Respect to Positive Supply) and Positive Supply 

! 2.4 

3.05 

3.35 

V 

Temperature Coefficient of Analog Common "C" Device: 0°C to +70°C 

(With Respect to Positive Supply) TC7116A/TC7117A 

TC7116/TC7117 

— 

20 

80 

50 

ppm/°C 

ppm/°C 

Temperature Coefficient of Analog Common "1” Device: -25°C to -i-85°C 

(With Respect to Positive Supply) 25 kQ Between Common and 

Positive Supply (TC7116AyTC7117A) 



75 

ppm/°C 
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ELECTRICAL CHARACTERISTICS (Cont.) 



Test Conditions 

Min 

Typ 

Max 

Unit 

TC7116/TC7116A ONLY Peak-to-Peak 
Segment Drive Voltage 

V-^toV-=9V 
(Note 5) 

4 

5 


V 

TC7116/TC7116A ONLY Peak-to-Peak 
Backplane Drive Voltage 

VMoV-=9V 
(Note 5) 

4 

5 

6 

V 

TC7117/TC7117A ONLY Segment 

Sinking Current (Except Pin 19) 

V+ = 5V 

Segment Voltage = 3V 

5 

8 

— 

mA 

TC7117/TC7117A ONLY Segment 

Sinking Current (Pin 19 Only) 

V+ = 5V 

Segment Voltage = 3V 

10 

16 

— 

mA 


NOTES: 1. 

2 . 

3. 

4. 

5. 

6 . 


Input voltages may exceed supply voltages, provided input current is limited to ±100 pA. 

Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 

Unless otherwise noted, specifications apply at Ta = +25°C, fciocK = 48 kHz. TC7116/TC7116A are tested in the circuit of Figure 1. 
TC7117/TC7117A are tested in the circuit of Figure 2. 

Refer to "Differential Input" discussion. 

Backplane drive is in-phase with segment drive for “off segment, 180° out-of-phase for “on” segment. Frequency is 20 times conversion 
rate. Average DC component is less than 50 mV. 

The TC7116/TC7116A logic inputs have an internal pull-down resistor connected from HLDR, pin 1 to TEST, pin 37. 

The TC7117/TC7117A logic inputs have an internal pull-down resistor connected from HLDR, pin 1 to GND, pin 21. 


PIN DESCRIPTION 


40-Pin DIP 

60-Pln 



Pin Number 

Flat Package 



Normal 

Pin Number 

Name 

Description 

1 

13 

HLDR 

Hold pin, Logic 1 holds present display reading. 

2 

14 

Di 

Activates the D section of the units display. 

3 

15 

Ci 

Activates the C section of the units display. 

4 

16 

Bi 

Activates the B section of the units display. 

5 

17 

Ai 

Activates the A section of the units display. 

6 

18 

Fi 

Activates the F section of the units display. 

7 

19 

Gi 

Activates the G section of the units display. 

8 

20 

Ei 

Activates the E section of the units display. 

9 

21 

D2 

Activates the D section of the tens display. 

10 

25 

C2 

Activates the C section of the tens display. 

11 

26 

B2 

Activates the B section of the tens display. 

12 

27 

A2 

Activates the A section of the tens display. 

13 

28 

F2 

Activates the F section of the tens display. 

14 

29 

E2 

Activates the E section of the tens display. 

15 

30 

D3 

Activates the D section of the hundreds display. 

16 

31 

B3 

Activates the B section of the hundreds display. 

17 

32 

E3 

Activates the F section of the hundreds display. 

18 

33 

E3 

Activates the E section of the hundreds display. 

19 

34 

AB 4 

Activates both halves of the 1 in the thousands display. 

20 

35 

POL 

Activates the negative polarity display. 

21 

36 

BP 

LCD backplane drive output (TC7116/TC7116A). 



GND 

Digital ground (TC7117/TC7117A). 

22 

37 

G3 

Activates the G section of the hundreds display. 

23 

40 

A3 

Activates the A section of the hundreds display. 
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PIN DESCRIPTION (Cont.) 

40-Pln DIP 

Pin Number 
Normal 

60-Pin 

Fiat Package 

Pin Number 

Name 

Description 

1 

13 

HLDR 

Hold pin, Logic 1 holds present display reeding. 

24 

41 

Ca 

Activates the C section of the hundreds display. 

25 

43 

G 2 

Activates the G section of the tens display. 

26 

45 

V- 

Negative power supply voltage. 

27 

46 

Vint 

Integrator output. Connection point for integration 
capacitor. See Integration Capacitor section for 
additional details. 

28 

47 

Vbuff 

Integration resistor connection. Use a 47 kti resistor for 
200 mV full-scale range and a 470 kn resistor for 2V 
full-scale range. 

29 

49 

Caz 

The size of the auto-zero capacitor influences system 
noise. Use a 0.47 pF capacitor for 200 mV full scale and 
a 0.047 pF capacitor for 2 V full scale. See Auto-Zero 
Capacitor paragraph for more details. 

30 

51 

VfN 

The analog low input is connected to this pin. 

31 

55 

VIn 

The analog high input is connected to this pin. 

32 

57 

ANALOG 

This pin is primarily used to set the analog common¬ 
mode COMMON voltage for battery operation or in 
systems where the input signal is referenced to the 
power supply. See Analog Common paragraph for more 
details. It also acts as a reference voltage source. 

33 

58 

Gref 

See pin 34. 

34 

59 

C'ref 

A 0.1 pF capacitor Is used in most applications. If a 
large, common-mode voltage exists (e.g., the V|n pin is 
not at analog common), and a 200 mV scale Is used, a 1 
pF capacitor is recommended and will hold the roll-over 
error to 0.5 count. 

35 

60 


Positive power supply voltage. 

36 

1 

V"ref 

The analog input required to generate a full-scale output 
(1999 counts). Place 100 mV between pins 32 and 36 
for 199.9 mV full scale. Place IV between pirtS 32 and 
36 for 2 V full scale. See paragraph on Reference 

Voltage. 

37 

3 

TEST 

Lamp test. When pulled high (to V'*‘), all segments will 
be turned on and the display should read -1888. It may 
also be used as a negative supply for externally- 
generated decimal points. See Test paragraph for more 
details. 

38 

4 

OSC 3 

See pin 40. 

39 

6 

OSC 2 

See pin 40. 

40 

10 

OSC 1 

Pins 40,39 and 38 make up the oscillator section. For a 
48 kHz clock (3 readings per sec), connect pin 40 to the 
junction of aiOO kQ resistor and a 100 pF capacitor. The 

100 kn resistor is tied to pin 39 and the 100 pF capacitor 
is tied to pin 38. 
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ANALOG SECTION 

Figure 3 shows the block diagram of the analog section 
for the TC71ia/TC7116A and TC7117/TC7117A. Each 
measurement cycle i§ divided into three phases: (1) auto- 
zero (A-Z), (2) signal integrate (INT), and (3) reference 
integrate (REF) or deintegrate (DE). 

Auto-Zero Pheee 

High and low Inputs are disconnected from the pins 
and internally shorted to analog common. The reference 
capacitor is charged to the reference voltage. A feedback 
loop is closed around the system to charge the auto-zero 
capacitor (Caz) to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the com¬ 
parator is included in the loop, A-Z accuracy is limited only 
by system noise. The offset referred to the input Is less 
than 10 pV. 

Signal-Integrate Phase 

The auto-zero loop is opened, the internal short Is 
removed, and the internal high and low inputs are con¬ 
nected to the external pins. The converter then integrates 
the differential voltages between V^in and VFn for a fixed 
time. This differential voltage can be within a wide com¬ 
mon-mode range; 1 Vof either supply. However, if the input 
signal has no return with respect to the converter power 
supply, VFn can be tied to analog common to establish the 
correct common-mode voltage. At the end of this phase, 
the polarity of the Integrated signal Is determined. 


Reference Integrate Phase 

The final phase is reference integrate, or deintegrate. 
Input low is internally connected to analog common and 
input high is connected across the previously charged 
reference capacitor. Circuitry within the chip ensures that 
the capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time 
required for the output to return to zero is proportional to 
the input signal. The digital reading displayed is: 


Reference 

The positive reference voltage (Vref) is referenced to 
analog common. 

Differential Input 

This input can accept differential voltages anywhere 
within the common-mode range of the Input amplifier or, 
specifically, from 1V below the positive supply to 1V above 
the negative supply. In this range, the system has a CMRR 
of 86 dB, typical. However, since the Integrator also swings 
with the common-mode voltage, care must be exercised to 
ensure the integrator output does not saturate. A worst- 
case condition would be a large, positive common-mode 
voltage with a near full-scale negative differential input 
voltage. The negative-input signal drives the Integrator 
positive when most of its swing has been used up by the 
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positive common-mode voltage. For these critical appli¬ 
cations, the integrator swing can be reduced to less than 
the recommended 2V full-scale swing with little loss of 
accuracy. The integrator output can swing within 0.3V of 
either supply without loss of linearity. 

Analog Common 

This pin is included primarily to set the common-mode 
voltage for battery operation (TC7116/TC7116A) or for any 
system where the input signals are floating with respect to 
the power supply. The analog common pin sets a voltage 
approximately 2.8V more negative than the positive supply. 
This Is selected to give a minimum end-of-life battery voltage 
of about 6V. However, analog common has some attributes 
of a reference voltage. When the total supply voltage Is large 
enough to cause the zener to regulate (>7V), the analog 
common voltage will have a low voltage coefficient (0.001 %/ 
%), low output impedance (=15^2), and a temperature 
coefficient of less than 20 ppm/°C, typically, and 50 ppm 
maximum. The TC7116/TC7117 temperature coefficients 
are typically 80 ppm/°C. 

An external reference may be used, if necessary, as 
shown in Figure 4. 

Analog common Is also used as VfN return during auto¬ 
zero and deintegrate. If Vin is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CM RR of the converter. However, in 
some applications, Vin will be set at a fixed, known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same point, thus 
removing the common-mode voltage from the converter. 
The same holds true for the reference voltage; if it can be 
conveniently referenced to analog common it should be, 
since this removes the common-mode voltage from the 
reference system. 

Within the 1C, analog common is tied to an N-channel 
FET that can sink 30 mA or more of current to hold the 
voltage 3V below the positive supply (when a load is trying 



Figure 5 Simple Inverter for Fixed Decimal Point 



Figure 6 Exclusive “OR” Gate for Decimal Point Drive 



to pull the analog common line positive). However, there is 
only 10 pA of source current, so analog common may easily 
be tied to a more negative voltage, thus overriding the 
internal reference. 

Test 

The test pin serves two functions. On the TC7117/ 
TC7117A, it is coupled to the internally-generated digital 
supply through a 500Q resistor. Thus, it can be used as a 


1-142 









3-1/2 DIGIT ANALOG-TO-DIGITAL 
CONVERTERS WITH HOLD 


1 


TC7116 TC7117 

TC7116A TC7117A 


negative supply for externally-generated segment drivers, 
such as decimal points or any other presentation the user 
may want to include on the LCD. (Figures 5 and 6 show 
such an application.) No more than a 1 mA load should be 
applied. 

The second function is a "lamp test." When test Is pulled 
high (to V'^), all segments will be turned on and the display 
should read -1888. The test pin will sink about 10 mA under 
these conditions. 

DIGITAL SECTION 

Figures 8 and 9 show the digital section for TC7116/ 
TC7116A and TC7117/TC7117A, respectively. For the 
TC7116/TC7116A (Figure 8), an internal digital ground is 
generated from a 6V zener diode and a large P-channel 
source follower. This supply is made stiff to absorb the 


relative large capacitive currents when the backplane (BP) 
voltage Is switched. The BP frequency is the clock fre¬ 
quency 4-800. For 3 readings per second, this is a 80-Hz 
square wave with a nominal amplitude of 5V. The segments 
are driven at the same frequency and amplitude, and are In- 
phase with BP when OFF, but out-of-phase when ON. In all 
cases, negligible DC voltage exists across the segments. 

Figure 9 Is the digital section of the TC7117/TC7117A. It 
is identical to the TC7116/TC7116A, except the regulated 
supply and BP drive have been eliminated, and the segment 
drive is typically 8 mA. The 10OO's output (pin 19) sinks current 
from two LED segments, and has a 16-mA drive capability. 
The TC7117/TC7117A are designed to drive common anode 
LED displays. 

In both devices, the polarity indication is ON for analog 
inputs. If VfN and VTn are reversed, this indication can be 
reversed also, if desired. 
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System Timing 

The clocking method used for the TC7116/TC7116A 
and TC7117/TC7117A is shown in Figure 9. Three clocking 
methods may be used: 

(1) An external oscillator connected to pin 40. 

(2) A crystal between pins 39 and 40. 

(3) An RC network using all three pins. 

The oscillator frequency is ^4 before it clocks the 
decade counters. It is then further divided to form the three 
convert-cycle phases: signal integrate (1000 counts), refer¬ 
ence deintegrate (0 to 2000 counts), and auto-zero (1000 to 
3000 counts). For signals less than full scale, auto-zero gets 
the unused portion of reference deintegrate. This makes a 
complete measure cycle of 4000 (16,000 clock pulses) 
independent of input voltage. For 3 readings per second, an 
oscillator frequency of 48 kHz would be used. 


To achieve maximum rejection of OO-Hz pickup, the 
signal-integrate cycle should be a multiple of 60 Hz. Oscil¬ 
lator frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 48 
kHz, 40 kHz, 33-1/3 kHz, etc. should be selected. For 50 Hz 
rejection, oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 
kHz, 50 kHz, 40 kHz, etc. would be suitable, Notethat 40 kHz 
(2.5 readings per second) will reject both 50 Hz and 60 Hz 
(also 400 Hz and 440 Hz). 

HOLD Reading Input 

When HLDR Is at a logic HIGH the latch will not be 
updated. Analog-to-digital conversions will continue but will 
not be updated until HLDR Is returned to LOW. To continu¬ 
ously update the display, connect to test (TC7116/TC7116A) 
or ground (TC7117/TC7117A), or disconnect. This input is 
CMOS compatible with 70 kCl typical resistance to test 
(TC7116/TC7116A) or ground (TC7117/TC7117A). 


TC7117 

TC7117A 


18 8 8 
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Figure 9 TC7117/TC7117A Digital Section 
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COMPONENT VALUE SELECTION 
Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on system noise. For 200 mV full scale, where noise is very 
important, a 0.47 pF capacitor is recommended. On the 2V 
scale, a 0.047 pF capacitor increases the speed of recovery 
from overload and Is adequate for noise on this scale. 

Reference Capacitor 

A 0.1 pF capacitor is acceptable in most applications. 
However, where a large common-mode voltage exists (i.e., 
the V|N pin Is not at analog common), and a 200-mV scale is 
used, a larger value is required to prevent roll-over error. 
Generally, 1 pF will hold the roll-over error to 0.5 count in this 
instance. 

Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approximately 0.3V from 
either supply). In the TC7116/TC7116A or the TC7117/ 
TC7117A, when the analog common is used as a reference, 
a nominal ±2V full- scale integrator swing is acceptable. For 
the TC7117/TC7117A, with ±5V supplies and analog com¬ 
mon tied to supply ground, a +3.5V to ±4V swing is nominal. 
For 3 readings per second (48 kHz clock), nominal values for 
CiNT are 0.22 plF and 0.10 pF, respectively. If different 
oscillator frequencies are used, these values should be 
changed in inverse proportion to maintain the output swing. 

The integrating capacitor must have low dielectric ab¬ 
sorption to prevent roll-over errors. Polypropylene capacitors 
are recommended for this application. 

Integrating Resistor 

Both the buffer amplifier and the integrator have a class 
A output stage with 100 pA of quiescent current. They can 
supply 20 pA of drive current with negligible nonlinearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2V full scale, 470 kQ is near optimum and, 
similarly, 47 kQ for 200 mV full scale. 

Osciiiator Components 

For all frequency ranges, a 100-kjQ resistor Is recom¬ 
mended; the capacitor is selected from the equation: 


For 48 kHz clock (3 readings per second), C = 100 pF. 


Reference Voltage 

To generate full-scale output (2000 counts), the analog 
input required is Vin = 2 Vref- Thus, for the 200 mV and 2V 
scale, Vref should equal 100 mV and IV, respectively. In 
many applications, where the ADC is connected to a trans¬ 
ducer, a scale factor exists between the input voltage and 
the digital reading. For instance, in a measuring system the 
designer might like to have a full-scale reading when the 
voltage from the transducer is 700 mV. Instead of dividing 
the input down to 200 mV, the designer should use the Input 
voltage directly and select Vref = 350 mV. Suitable values 
for integrating resistor and capacitor would be 120 kQ and 
0.22 pF. This makes the system slightly quieter and also 
avoids a divider network on the input. The TC7117/TC7117A, 
with ±5V supplies, can accept input signals up to ±4V. 
Another advantage of this system Is when a digital reading 
of zero is desired for Vin ^ 0. Temperature and weighing 
systems with a variable tare are examples. This offset 
reading can be conveniently generated by connecting the 
voltage transducer between V*iN and analog common, and 
the variable (or fixed) offset voltage between analog com¬ 
mon and VJn. 

TC7117/TC7117A POWER SUPPLIES 

The TC7117/TC7117A are designed to operate from ±5 V 
supplies. However, if a negative supply Is not available, it can 
be generated with a TC7660 DC-to-DC converter and two 
capacitors. Figure 10 shows this application. 

In selected applications, negative supply is not required. 
The conditions to use a single +5V supply are; 

(1) The input signal can be referenced to the center of 
the common-mode range of the converter. 

(2) The signal Is less than ±1.5V. 

(3) An external reference is used. 



Figure 10 Negative Power Supply Generation With TC7660 
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TYPICAL APPLICATIONS 



Figure 11 TC711S/TC71 ISA Using the Internal Reference Figure 13 Circuit for Developing Underrange and Overrange 

(200 mV Full Scale, 3 RPS) Signals from TC711S/TC7116A Outputs 



Figure 12 TC7117/TC7117A Internal Reference (200 mV Full Figure 14 TC7117/TC7117A With a 1.2V External Band-Gap 

Scale, 3 RPS, VIn Tied to GND for Single-Ended Inputs.) Reference (VIn Tied to Common) 
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Figure 15 Recommended Component Values for 2V Full Scale 
(TC7116/TC7116A and TC7117/TC7117A) 


APPLICATIONS INFORMATION 

The TC7117/TC7117A sink the LED display current, 
causing heat to build up In the 1C package. If the internal 
voltage reference Is used, the changing chip temperature 
can cause the display to change reading. By reducing 
package power dissipation, such variations can be reduced. 
By reducing the LED common anode voltage, the TC7117/ 
TC7117A package power dissipation is reduced. 

Figure 17 is a curve-tracer display showing the relation¬ 
ship between output current and output voltage for typical 
TC7117CPL7TC7117ACPL devices. Since a typical LED 
has 1.8V across it at 8 mA and its common anode is 
connected to +5V, the TC7117/TC7117A output is at 3.2V 
(Point A, Figure 17). Maximum power dissipation is 8.1 mA 
X 3.2V X 24 segments = 622 mW. 

However, notice that once the TC7117/TC7117A's out¬ 
put voltage is above 2V, the LED current is essentially 
constant as output voltage increases. Reducing the output 
voltage by 0.7V (Point B Figure 17) results in 7.7 mA of LED 
current, only a 5% reduction. Maximum power dissipation is 
now only 7.7 mA x 2.5V x 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of IV (Point C) reduces LED 
current by 10% (7.3 mA), but power dissipation by 38% (7.3 
mA X 2.2V X 24 = 385 mW). 



Figure 16 TC7117/TC7117A Operated from Single-i-SV Supply 

(An External Reference Must Be Used in This 
Application.) 


Reduced power dissipation is very easy to obtain. 
Figure 18 shows two ways: Either a5AQ., 1/4W resistor, or 
a 1A diode placed in series with the display (but not in series 
with the TC7117/TC7117A). The resistor reduces the 
TC7117/TC7117A's output voltage (when all 24 segments 
are ON) to Point C of Figure 17. When segments turn off, the 
output voltage will increase. The diode, however, will result 
in a relatively steady output voltage, around Point B. 

In addition to limiting maximum power dissipation, the 
resistor reduces change in power dissipation as the display 
changes. The effect is caused by the fact that, as fewer 
segments are ON, each ON output drops more voltage and 
current. For the best case of six segments (a “111” display) 
to worst case (a “1888” display), the resistor circuit will 
change about 230 mW, while a circuit without the resistor will 
change about 470 mW. Therefore, the resistor will reduce 
the effect of display dissipation on reference voltage drift by 
about 50%. 

The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de¬ 
signer, a diode may be used instead of the resistor. 
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Figure 17 TC7117/TC7117A Output Current vs Output Voltage 


Figure 18 Diode or Resistor Limits Package Power Dissipation 
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FEATURES 


TYPICAL APPLICATIONS 


■ Low Temperature Drift Internal Reference 

TC7126.80 ppm/XTyp 

TC7126A.35 ppm/°C Typ 

■ Guaranteed Zero Reading With Zero Input 

■ Low Noise.15 ^Vp-p 

■ High Resolution.0.05% 

■ Wide Dynamic Range.72 dB 

■ Low Input Leakage Current.1 pA Typ 

10 pA Max 


■ Direct LCD Drive — No External Components 

■ Precision Null Detectors With True Polarity at Zero 

■ High-Impedance Differential Input 

■ Convenient 9V Battery Operation With 

Low Power Dissipation.500 pO Typ 

900 )in Max 

■ Internal Clock Circuit 

■ Improved Drop-In Replacement for ICL7126 That 
Offers Low Analog Common Voltage Drift 

■ Available in Compact Flat Package 

■ Industrial Temperature Range Device Available 


Thermometry 
Bridge Readouts 

— Strain Gauges 

— Load Cells 

— Null Detectors 
Digital Meters 

— Voltage/Current/Ohms/Power 
-pH 

— Capacitance/Inductance 

— Fluid Flow RateAfiscosity/Level 

— Humidity 

— Position 
Digital Scales 
Panel Meters 
LVDT Indicators 
Portable Instrumentation 
Power Supply Readouts 
Process Monitors 
Gaussometers 
Photometers 


TYPICAL OPERATING CIRCUIT 


0.1 \iF 



1078-1 
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GENERAL DESCRIPTION 

The TC7126A features a precision, low-drift internal 
voltage reference and is functionally identical to the TC7126. 
A low-drift external reference Is not normally required with the 
TC7126A. 

The TC7126A is a 3-1/2 digit CMOS analog-to-digital 
converter (ADC) containing all the active components neces¬ 
sary to construct a 0.05% resolution measurement system. 
Seven-segment decoders, digit and polarity drivers, voltage 
reference, and clock circuit are integrated on-chip. The 
TC7126A directly drives a liquid crystal display (LCD), and 
includes a backplane driver. 

A low-cost, high-resolution indicating meter requires only 
a display, four resistors, and four capacitors. The TC7126A's 


extremely low power drain and 9V battery operation make it 
ideal for portable applications. 

TheTC7126A reduces linearity error to less than 1 count. 
Roll-over error (the difference in readings for equal magni¬ 
tude but opposite polarity input signals) is below ±1 count. 
High-impedance differential inputs offer 1 pA leakage current 
and a input impedance. The 15 pVp.p noise perfor¬ 
mance guarantees a "rock solid" reading, and the auto-zero 
cycle guarantees a zero display reading with a OV input. 

The TC7126A's dual-slope conversion technique auto¬ 
matically rejects interference signals if the converter's inte¬ 
gration time is set to a multiple of the interference period. This 
is especially useful in Industrial measurement environments 
where 50-Hz, 60-Hz, and 400-Hz line frequency signals are 
present. 


ORDERrNG INFORMATION 


Part No. 

Package 

Pin Layout 

Temp Range 

Ref Tempco (Max) 

TC7126CPL 

40-Pin Plastic DIP 

Normal 

0°C to -hYO^C 

80 ppm/°C 

TC7126ACPL 

40-Pin Plastic DIP 

Normal 

0°C to +70°C 

35 ppm/®C 

TC7126RCPL 

40-Pin Plastic DIP 

Reversed 

0®C to +7Q°C 

80 ppm/°C 

TC7126ARCPL 

40-Pin Plastic DIP 

Reversed 

0°C to 4-70°C 

35 ppm/°C 

TC7126IPL 

40-Pin Plastic DIP 


-25°C to +85°C 

80 ppm/°C 

TC7126CJL 

40-CerDIP 


0°C to +70^C 

80 ppm/®C 

TC7126IJL 

40-CerDIP 


-25°C to +85^C 

80 ppm/°C 

TC7126AIJL 

40-CerDIP 


-25°C to -i-85°C 

35 ppm/°C 

TC7126CBQ 

60-Pin Plastic Flat 


O^C to +70°C 

80 ppnn/°C 

TC7126ACBQ 

60-Pin Plastic Flat 


0°C to -»-70°C 

35 ppm/°C 

TC7126CKW 

44-Pin Plastic Flat 


0“C to +70®C 

80 ppm/°C 

TC7126ACKW 

44-Pin Plastic Flat 


O^C to +70°C 

35 ppm/'’C 

TC7126CLW 

44-Pin PLCC 


0°C to -i-70°C 

80 ppnn/®C 

TC7126ACLW 

44-Pin PLCC 


0°C to +70°C 

35 ppm/°C 


PIN CONFIGURATIONS 
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TC7126 

TC7126A 


• ^ ^ OSCi 

NORMAL PIN Zi: 
CONFIGURATION 39] OSC 2 

38] OSC 3 


• 40 V^- 

REVERSE PIN Zr 
CONFIGURATION 


TC7126 

TC7126A 


J ^REF 
1 ANALOG 
J COMMON 

] 


MJcaz 

Ill Vbuff 

13 Vint 


''REF L5_ 

CrEF CZ 

^REF [X 
ANALOG 
COMMON 

vrNOi 

vfnq: 

^AZ BI 
Vbuff BE 
V|NT BE 


TC7126R 

TC7126AR 


1000 's—►AB 4 [19 

POL [IE 

(MINUS SIGN) 


21 I BP 

I (BACKPLANE) 


BP 

(BACKPLANE) I 


NC = NO INTERNAL CONNECTION 


22 I AB 4 ^~ 1000's 

m POL 

(MINUS SIGN) 


45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 



NOTES: 

1. NC = No internal connection. 

2. Pins 8, 23, 38 and 53 are connected to the 
die substrate. The potential at these pins is 
approximately V'". No external connections 
should be made. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V'^ to V“).+15V 

Analog Input Voltage (Either Input) (Note 1).V+ to V~ 

Reference Input Voltage (Either Input).. V+ to V" 

Clock Input...TEST to V-*- 

Operating Temperature Range 

C Devices.0°C to +70°C 

I Devices. -25°C to +85°C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 60 sec).+300°C 


Power Dissipation (Note 2) 

CerDIP(J)..1000 mW 

Plastic DIP (P).800 mW 

Plastic Flat Package, PLCC (B, K, L).500 mW 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions ^bove those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vs = +9V, fcLK = 16 kHz, and Ta = +25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 


Zero Input Reading 

V,N = 0V 

Full Scale = 200 mV 

-000.0 

±000.0 

+000.0 

Digital 

Reading 


Zero Reading Drift 

ViN = OV, 0°C < Ta < +70°C 

— 

0.2 

1 

pV/"C 


Ratiometric Reading 

ViN = Vref, Vref = 100 mV 

999 

999/1000 

1000 

Digital 

Reading 

NL 

Linearity Error 

Full Scale = 200 mV or 2V 

Max Deviation From Best Fit 

Straight Line 

-1 

±0.2 

1 

Count 


Roll-Over Error 

-V|N = +V|N » 200 mV 

-1 

±0.2 

1 

Count 

©N 

Noise 

V|N = OV, Full Scale = 200 mV 

— 

15 

— 

pVp.p 

II 

Input Leakage Current 

< 

z 

II 

o 

< 

— 

1 

10 

pA 

CMRR 

Common-Mode Rejection 

Ratio 

VcM=±lV,V,N = 0V. 

Full Scale = 200 mV 

— 

50 

— 

pVA/ 


Scale Factor Temperature 
Coefficient 

V|N = 199 mV, 0°C < Ta < +70®C 

Ext Ref Temp Coeff = 0 ppm/°C 

— 

1 

5 

ppm/°C 

Analog Common 

VcTC 

Analog Common 

Temperature Coefficient 

250 kn Between Common and V+ 

0°C < Ta < +70‘»C ("C" Devices): 

TC7126 

TC7126A 

-25®C < Ta < +85°C ("1" Device): 
TC7126A 

— 

80 

35 

35 

75 

100 

ppm/^C 

ppnn/®C 

ppm/®C 

Vc 

Analog Common Voltage 

250 kQ Between Common and V'^ 

2.7 

3.05 

3.35 

V 

LCD Drive 

VsD 

LCD Segment Drive Voltage 

V+to V-=9V 

4 

5 

6 

Vp.p 

Vbd 

LCD Backplane Drive Voltage 

V^ toV-=:9V 

4 

5 

6 

Vp.p 

Power Supply 

Is 

Power Supply Current 

ViN = 0V. V+toV-=9V(Note6) | 

1 — 1 

55 

100 1 

1 pA 


NOTES: 1. Input voltage may exceed supply voltages when Input current is limited to 100 pA. 

2. Dissipation rating assumes device is mounted with all leads soldered to PC board. 

3. Refer to “Differential Input" discussion. 

4. Backplane drive is in-phase with segment drive for "off" segment and 180° out-of-phase for "on" segment. Frequency is 20 times 
conversion rate. Average DC component is less than 50 mV. 

5. See “Typical Operating Circuit." 

6 . During auto-zero phase, current is 10-20 pA higher. A 48 kHz oscillator increases current by 8 pA (typical). Common current not 
included. 
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PIN DESCRIPTION 

40-Pin DIP 
Pin Number 
Normal 

(Reverse) 

60-Pln 

Flat Package 
Pin Number 

Name 

Description 

1 

(40) 

13 

V-*^ 

Positive supply voltage. 

2 

(39) 

14 

Di 

Activates the D section of the units display. 

3 

(38) 

15 

Ci 

Activates the C section of the units display. 

4 

(37) 

16 

Bi 

Activates the B section of the units display. 

5 

(36) 

17 

Ai 

Activates the A section of the units display. 

6 

(35) 

18 

Fi 

Activates the F section of the units display. 

7 

(34) 

19 

Gi 

Activates the G section of the units display. 

8 

(33) 

20 

Ei 

Activates the E section of the units display. 

9 

(32) 

21 

D2 

Activates the D section of the tens display. 

10 

(31) 

25 

Cg 

Activates the C section of the tens display. 

11 

(30) 

26 

B2 

Activates the B section of the tens display. 

12 

(29) 

27 

A2 

Activates the A section of the tens display. 

13 

(28) 

28 

F2 

Activates the F section of the tens display. 

14 

(27) 

29 

E2 

Activates the E section of the tens display. 

15 

(26) 

30 

D3 

Activates the D section of the hundreds display. 

16 

(25) 

31 

B3 

Activates the B section of the hundreds display. 

17 

(24) 

32 

F3 

Activates the F section of the hundreds display. 

18 

(23) 

33 

E3 

Activates the E section of the hundreds display. 

19 

(22) 

34 

AB 4 

Activates both halves of the 1 in the thousands display. 

20 

(21) 

35 

POL 

Activates the negative polarity display. 

21 

(20) 

36 

BP 

Backplane drive output. 

22 

(19) 

37 

G 3 

Activates the G section of the hundreds display. 

23 

(18) 

40 

A 3 

Activates the A section of the hundreds display. 

24 

(17) 

41 

C 3 

Activates the C section of the hundreds display. 

25 

(16) 

43 

G 2 

Activates the G section of the tens display. 

26 

(15) 

45 

V- 

Negative power supply voltage. 

27 

(14) 

46 

Vint 

The integrating capacitor should be selected to give the maximum 
voltage swing that ensures component tolerance build-up will not allow 
the integrator output to saturate. When analog common is used as a 
reference and the conversion rate is 3 readings per second, a 0.047 pF 
capacitor may be used. The capacitor must have a low dielectric 
constant to prevent roll-over errors. See "Integrating Capacitor" section 
for additional details. 

28 

(13) 

47 

Vbuff 

Integration resistor connection. Use a 180 kQ resistor for a 200 mV full- 
scale range and a 1.8 ML2 resistor for a 2V full-scale range. 

29 

(12) 

49 

Caz 

The size of the auto-zero capacitor influences system noise. Use a 

0.33 pF capacitor for 200 mV full scale, and a 0.033 pF capacitor for 2V 
full scale. See paragraph on auto-zero capacitor for more details. 

30 

(11) 

51 

ViN- 

The low Input signal is connected to this pin. 

31 

(10) 

55 

VlN^ 

The high input signal Is connected to this pin. 

32 

(9) 

57 

ANALOG 

COMMON 

This pin is primarily used to set the analog common-mode voltage for 
battery operation or in systems where the input signal is referenced to 
the power supply. See paragraph on analog common for more details. It 
also acts as a reference voltage source. 

33 

(8) 

58 

Cref" 

See pin 34. 
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PIN DESCRIPTION (Cont.) 


40-Pln DIP 
Pin Number 
Normal 

(Reverse) 

60-Pin 

Flat Package 
Pin Number 

Name 

Description 

34 

(7) 

59 

Cref"^ 

A 0.1 [if capacitor is used in most applications. If a large common-mode 
voltage exists (for example, the Vin“ pin is not at analog common), and a 
200 mV scale is used, a 1 pF capacitor is recommended and will hold 
the roll-over error to 0.5 count. 

35 

( 6 ) 

60 

Vref" 

See pin 36. 

36 

(5) 

1 

Vref" 

The analog input required to generate a full-scale output (1999 counts). 
Place 100 mV between pins 35 and 36 for 199.9 mV full scale. Place IV 
between pins 35 and 36 for 2 V full scale. See paragraph on reference 
voltage. 

37 

(4) 

3 

TEST 

Lamp test. When pulled high (to V"^), all segments will be turned on and 
the display should read -1888. It may also be used as a negative supply 
for externally-generated decimal points. See paragraph under test for 
additional information. 

38 

(3) 

4 

OSC 3 

See pin 40. 

39 

( 2 ) 

6 

OSC 2 

See pin 40. 

40 

( 1 ) 

10 

OSC 1 

Pins 40, 39 and 38 make up the oscillator section. For a 48 kHz clock (3 
readings per second), connect pin 40 to the junction of a 180 kQ resistor 
and a 50 pF capacitor. The 180 kQ resistor is tied to pin 39 and the 

50 pF capacitor is tied to pin 38. 


GENERAL THEORY OF OPERATION 
Dual-Slope Conversion Principles 

The TC7126A is a dual-slope, integrating analog-to- 
digital converter. An understanding of the dual-slope con¬ 
version technique will aid in following detailed TC7126A 
operational theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 

The input signal being converted is integrated for a fixed 
time period (tsi), measured by counting clock pulses. An 
opposite polarity constant reference voltage is then inte¬ 
grated until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal (tRi). 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to "ramp-up" and "ramp-down." 

A simple mathematical equation relates the input signal, 
reference voltage, and integration time: 

Figure 1 B^eic Dual-Slope Converter 

- tsi where: 

-J— I ViN(t) dt = YeM , Vr = Reference voltage 

tsi = Signal integration time (fixed) 

tpi - Reference voltage integration time (variable). 



FIXED VARIABLE 
SIGNAL REFERENCE 
INTEGRATE INTEGRATE 
TIME TIME 
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0.1/t 1/1 10/t 


INPUT FREQUENCY 


Figure 2 Normal-Mode Rejection of Dual-Slope Converter 


For a constant V|n: 


V|N = Vr 


tRl' 

tsi 


The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. Noise immunity is an 
inherent benefit. Noise spikes are integrated, or averaged, 
to zero during integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes¬ 
sive approximation converters in high-noise environments. 
Interfering signals with frequency components at multiples 
of the averaging period will be attenuated. Integrating ADCs 
commonly operate with the signal integration period set to a 
multiple of the 50 Hz/60 Hz power line period. 


analog gates close a feedback loop around the integrator 
and comparator. This loop permits comparator offset volt¬ 
age error compensation. The voltage level established on 
Caz compensates for device offset voltages. The auto-zero 
phase residual is typically 10 pV to 15 pV. 

The auto-zero cycle length is 1000 to 3000 clock 
periods. 

Signal Integration Phase 

The auto-zero loop is entered and the internal differen¬ 
tial inputs connect to Vin^ and Vin“. The differential input 
signal is integrated for a fixed time period. The TC7126A 
signal integration period is 1000 clock periods, or counts. 
The externally-set clock frequency Is ^4 before clocking the 
Internal counters. The integration time period is: 

1si= —^ X 1000, 
fosc 

where fosc = external clock frequency. 

The differential input voltage must be within the device 
common-mode range when the converter and measured 
system share the same power supply common (ground). If 
the converter and measured system do not share the same 
power supply common, V|n" should be tied to analog com¬ 
mon. 

Polarity is determined at the end of signal integrate 
phase. The sign bit is atrue polarity indication. In that signals 
less than 1 LSB are correctly determined. This allows 
precision null detection limited only by device noise and 
auto-zero residual offsets. 

Reference Integrate Phase 


ANALOG SECTION 

In addition to the basic Integrate and deintegrate dual¬ 
slope cycles discussed above, the TC7126A design incor¬ 
porates an auto-zero cycle. This cycle removes buffer 
amplifier. Integrator, and comparator offset voltage error 
terms from the conversion. A true digital zero reading results 
without external adjusting potentiometers. A complete con¬ 
version consists of three phases: 

(1) Auto-zero phase 

(2) Signal integrate phase 

(3) Reference integrate phase 

Auto-Zero Phase 

During the auto-zero phase, the differential input signal 
is disconnected from the circuit by opening Internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero Input condition. Additional 


The third phase is reference Integrate, or deintegrate. 
Vin“ is internally connected to analog common and Vin^ is 
connected across the previously-charged reference capaci¬ 
tor. Circuitry within the chip ensures the capacitor will be 
connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is 
between 0 and 2000 internal clock periods. The digital 
reading displayed is: 


DIGITAL SECTION 

The TC7126A contains all the segment drivers neces¬ 
sary to directly drive a 3-1/2 digit LCD. An LCD backplane 
driver is Included. The backplane frequency Is the external 
clock frequency -f-800. For 3 conversions per second the 
backplane frequency Is 60 Hz with a 5V nominal amplitude. 
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When a segment driver is in-phase with the backplane 
signal, the segment is "OFF." An out-of-phase segment 
drive signal causes the segment to be "ON," or visible. This 
AC drive configuration results in negligible DC voltage 
across each LCD segment, ensuring long LCD life. The 
polarity segment driver is "ON" for negative analog inputs. If 
Vin"^ and Vin“ are reversed, this indicator would reverse. 

On the TC7126A, when the test pin is pulled to V^, all 
segments are turned "ON." The display reads -1888. Dur¬ 
ing this mode, LCD segments have a constant DC voltage 
impressed. Do not leave the display in this mode for more 
than several minutes; LCDs may be destroyed if operated 
with DC levels for extended periods. 

The display font and segment drive assignment are 
shown in Figure 4. 


The TC7126A Is a drop-in replacement for the TC7126 
and ICL7126 that offers a greatly Improved internal refer¬ 
ence temperature coefficient. No external component value 
changes are required to upgrade existing designs. 

COMPONENT VALUE SELECTION 
Auto-Zero Capacitor (Caz) 

The Caz size has some influence on system noise. A 
0.33 pF capacitor Is recommended for 200 mV full-scale 
applications where 1 LSB is 100 pV. A 0.033 pF capacitor is 
adequate for 2V full-scale applications. A Mylar-type dielec¬ 
tric capacitor is adequate. 

Reference Voltage Capacitor (Cref) 


System Timing 


The oscillator frequency is -^4 prior to clocking the inter¬ 
nal decade counters. The three-phase measurement cycle 
takes a total of 4000 counts (16,000 clock pulses). The 4000- 
count cycle is independent of input signal magnitude. 

Each phase of the measurement cycle has the following 
length: 

(1) Auto-zero phase; 1000 to 3000 counts 

(4000 to 12,000 clock pulses) 
For signals less than full scale, the auto-zero phase 
Is assigned the unused reference integrate time 
period. 

(2) Signal Integrate: 1000 counts 

(4000 clock pulses) 

This time period is fixed. The integration period Is: 


tsi = 4000 


1 

fosc 


where fosc is the externally-set clock frequency. 


(3) Reference integrate: 0 to 2000 counts 

(0 to 8000 clock pulses) 


DISPLAY FONT 

OieBHSBlBS 


p 1 (X)0's -p 1 GO'S-10 s — 
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1 
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Figure 4 Display Font and Segment Assignment 


The reference voltage used to ramp the integrator 
output voltage back to zero during the reference integrate 
phase is stored on Cref- A 0.1 pF capacitor is acceptable 
when Vref“ is tied to analog common. If a large common¬ 
mode voltage exists (Vref“ ^ analog common) and the ap¬ 
plication requires a 200 mV full scale, increase Cref to 
1 pF. Roll-over error will be held to less than 0.5 count. A 
Mylar-type dielectric capacitor is adequate. 

Integrating Capacitor (Cint) 

C|NT should be selected to maximize integrator output 
voltage swing without causing output saturation. Due to the 
TC7126A's superior analog common temperature coeffi¬ 
cient specification, analog common will normally supply the 
differential voltage reference. For this case, a ±2V full-scale 
Integrator output swing Is satisfactory. For 3 readings per 
second (fosc = 48 kHz), a 0.047 pF value is suggested. 
Fori reading per second, 0.15 pF is recommended. If a 
different oscillator frequency is used, Cint must be changed 
In inverse proportion to maintain the nominal ±2V integrator 
swing. 

An exact expression for Cint is: 



Vint 

where: fosc = Clock frequency at pin 38 
Vfs = Full-scale input voltage 
Rint = Integrating resistor 
Vint = Desired full-scale integrator output swing. 


At 3 readings per second, a 750Q resistor should be 
placed in series with Cint- This increases accuracy by com¬ 
pensating for comparator delay. Cint must have low dielec¬ 
tric absorption to minimize roll-over error. An inexpensive 
polypropylene capacitor Is recommended. 


1-157 




3-1/2 DIGIT 

ANALOG-TO-DIGITAL CONVERTER 


TC7126 

TC7126A 


Integrating Resistor (Rint) 

The input buffer amplifier and integrator are designed 
with Class A output stages. The output stage idling current 
is 6 pA. The integrator and buffer can supply 1 pA drive 
current with negligible linearity errors, Rint is chosen to re¬ 
main in the output stage linear drive region, but not so large 
that PC board leakage currents induce errors. For a 200 mV 
full scale, Rint is 180 kQ. A 2V full scale requires 1.8 MQ. 


Component 

Nominal Full-Scale Voltage 

Value 

200 mV 

2V 

Caz 

0.33 \if 

0.033 \if 

Rint 

180kD 

1.8 MQ 

C|NT 

0.047 pF 

0.047 pF 


NOTE: fosc = 48 kHz (3 readings per sec). 

Oscillator Components 

Cose should be 50 pF; Rose is selected from the equa¬ 
tion: 

. 0.45 

fosc=-^. 

For a 48 kHz clock (3 conversions per second), R = 180 kQ.. 

Note that fose is -^4 to generate the TC7126A's inter¬ 
nal clock. The backplane drive signal Is derived by dividing 
fose by 800. 

To achieve maximum rejection of 60 Hz noise pickup, 
the signal Integrate period should be a multiple of 60 Hz. 
Oscillator frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 
40 kHz, 33-1/3 kHz, etc. should be selected. For 50 Hz 
rejection, oscillator frequencies of 200 kHz, 100 kHz, 66-2/ 
3 kHz, 50 kHz, 40 kHz, etc. would be suitable. Note that 
40 kHz (2.5 readings per second) will reject both 50 Hz and 
60 Hz (also 400 Hz and 440 Hz). 

Reference Voltage Selection 

A full-scale reading (2000 counts) requires the Input 
signal be twice the reference voltage. 


Required Full-Scale Voltage* 

Vref 

200 mV 

100 mV 

2V 

IV 


*Vfs = 2 Vref- 

In some applications, a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, a pressure transducer 
output for 2000 Ib/in.^ is 400 mV. Rather than dividing the 


input voltage by two, the reference voltage should be set to 
200 mV. This permits the transducer input to be used 
directly. 

The differential reference can also be used where a 
digital zero reading is required when V|n is not equal to zero. 
This is common In temperature-measuring instrumentation. 
A compensating offset voltage can be applied between 
analog common and Vin". The transducer output is con¬ 
nected between Vin"^ and analog common. 

DEVICE PIN FUNCTIONAL DESCRIPTION 

(Pin Numbers Refer to 40-Pin DIP) 

Differential Signal Inputs 

V,N^ (Pin 31), V,N- (Pin 30) 

The TC7126A is designed with true differential inputs 
and accepts input signals within the input stage common¬ 
mode voltage range (Vcm)- Typical range is V+ -IV to V" 
+1V. Common-mode voltages are removed from the system 
when the TC7126A operates from a battery or floating power 
source (isolated from measured system), and Vin~ is con¬ 
nected to analog common (Vcom)- (See Figure 5.) 

In systems where common-mode voltages exist, the 
TC7126A's 86 dB common-mode rejection ratio minimizes 
error. Common-mode voltages do, however, affect the inte¬ 
grator output level. A worst-case condition exists if a large 
positive Vcm exists in conjunction with a full-scale negative 
differential signal. The negative signal drives the integrator 
output positive along with Vcm (see Figure 6.) For such 
applications, the integrator output swing can be reduced 
below the recommended 2V full-scale swing. The integrator 
output will swing within 0.3V of V+ or V“ without Increased 
linearity error. 

Differential Reference 

VREF^Pin 36), Vref-(P in 35) 

The reference voltage can be generated anywhere 
within the V+ to V“ power supply range. 

To prevent roll-over type errors being induced by large 
common-mode voltages, Cref should be large compared to 
stray node capacitance. 

The TC7126A offers a significantly improved analog 
common temperature coefficient. This potential provides a 
very stable voltage, suitable for use as a voltage reference. 
The temperature coefficient of analog common is typically 
35 ppm/°C for the TC7126A and 80 ppm/°C for the TC7126. 

ANALOG COMMON (Pin 32) 

The analog common pin Is set at a voltage potential 
approximately 3V below V"^. The potential Is guaranteed to 
be between 2.7V and 3.35V below V+. Analog common is 
tied internally to an N-channel FET capable of sinking 
100 pA. This FET will hold the common line at 3V should an 
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Figure 5 Common-Mode Voltage Removed in Battery Operation With Vin = Analog Common 


external load attempt to pull the common line toward V"^. 
Analog common source current is limited to 1 pA. Therefore, 
analog common is easily pulled to a more negative voltage 
(i.e., below V+ -3V). 

The TC7126A connects the internal Vin"^ and Vin"" in¬ 
puts to analog common during the auto-zero phase. During 
the reference-integrate phase, Vin“ is connected to analog 
common. If Vin" is not externally connected to analog com¬ 
mon, a common-mode voltage exists, but is rejected by the 
converter’s 86 dB common-mode rejection ratio. In battery 
operation, analog common and Vin~ are usually connected, 
removing common-mode voltage concerns. In systems where 
Vin" is connected to power supply ground or to a given 
voltage, analog common should be connected to Vin". 

The analog common pin serves to set the analog sec¬ 
tion reference, or common point. The TC7126A is specifi¬ 
cally designed to operate from a battery or in any measure¬ 
ment system where input signals are not referenced (float) 
with respect to the TC7126A's power source. The analog 


INPUT 


C| 



Figure 6 Common-Mode Voltage Reduces Available Integrator 
Swing (Vcom ^ Vin) 


common potential of V+ -3V gives a 7V end of battery life 
voltage. The common potential has a 0.001%/% voltage 
coefficient and a 15Q output impedance. 

With sufficiently high total supply voltage (V+-V~ >7V), 
analog common is a very stable potential with excellent 
temperature stability (typically 35 ppm/°c). This potential 
can be used to generate the TC7126A's reference voltage. 
An external voltage reference will be unnecessary in most 
cases because of the 35 ppm/°C temperature coefficient. 
See 'TC7126A Internal Voltage Reference" discussion. 

TEST (Pin 37) 

The test pin potential is 5V less than V"^. Test may be 
used as the negative power supply connection for external 
CMOS logic. The test pin is tied to the internally-generated 
negative logic supply through a 5001^ resistor. The test pin 
load should not be more than 1 mA. See "Digital Section" for 
additional information on using test as a negative digital logic 
supply. 

If test is pulled high (to V+), all segments plus the minus 
sign will be activated. Do not operate In this mode for more 
than several minutes. With TEST= V"^, the LCD segments 
are impressed with a DC voltage which will destroy the LCD. 

TC7126A Internal Voltage Reference 

The TC7126A's analog common voltage temperature 
stability has been significantly improved (Figure 7). The "A" 
version of the industry-standard TC7126 device allows 
users to upgrade old systems and design new systems 
without external voltage references. External R and C val¬ 
ues do not need to be changed. Figure 10 shows analog 
common supplying necessary voltage reference for the 
TC7126A. 
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Figure 7 Analog Common Temperature Coefficient 



Figure 8 TC7126A Internal Voltage Reference Connection 


APPLICATIONS INFORMATION 
Liquid Crystal Display Sources 

Several manufacturers supply standard LCDs to inter¬ 
face with the TC7126A 3-1/2 digit analog-to-digital con¬ 
verter. 


Manufacturer 

Address/Phone 

Representative 
Part Numbers* 

Crystaloid 

Electronics 

5282 Hudson Dr., 

Hudson, OH 44236 
216-655-2429 

C5335, H5535. 
T5135, SX440 

AND 

770 Airport Blvd., 
Burlingame, CA 94010 
415-347-9916 

FE 0801, 

FE 0203 

VGI, Inc. 

1800 Vernon St., Ste. 2 
Roseville, CA 95678 
916-783-7878 

11048, 11126 

Hamlin, Inc. 

612 E. Lake St., 

Lake Mills, Wl 53551 
414-648-2361 

3902, 3933, 3903 


‘NOTE: Contact LCD manufacturer for full product listing/specifications. 


Decimal Point and Annunciator Drive 

The test pin is connected to the internally-generated 
digital logic supply ground through a SOOli resistor. The test 
pin may be used ets the negative supply for external CMOS 
gate segment drivers. LCD annunciators for decimal points, 
low battery indication, or function indication may be added 
without adding an additional supply. No more than 1 mA 
should be supplied by the test pin. The test pin potential is 
approximately 5V below V’^. 


Flat Package 

The TC7126A is available in an epoxy 60-pin formed 
leads flat package. A test socket for the TC7126ACBQ 
device is available: 

Part No. 1C 51-42 

Manufacturer: Yamaichi 

Distribution: Nepenthe Distribution 
2471 East Bay shore 
Suite 520 

Palo Alto, CA 94043 
(415) 856-9332 

Ratiometric Resistance Measurements 

The TC7126A's true differential input and differential 
reference make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately-defined 
reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current passed through the pair. The voltage 
developed across the unknown is applied to the input and 
the voltage across the known resistor applied to the refer¬ 
ence Input. If the unknown equals the standard, the display 
will read 1000. The displayed reading can be determined 
from the following expression: 

Displayed reading = ^'-’NKNOwn ^ 1000. 

Rstandard 

The display will overrange for Runknown ^ 2 x Rstandard- 


1-160 




3-1/2 DIGIT 

ANAUOG-TO-DIGITAL CONVERTER 


TC7126 

TC7126A 


Simple Inverter for Fixed Decimal Point 
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Figure 10 Low Parts Count Ratiometric Resistance Measurement 


Figure 9 Decimal Point and Annunciator Drives 




Cl = 3 pF TO 10 pF, VARIABLE 
C2 s 132 pF, VARIABLE 



SEGMENT 

DRIVE 


Figure 11 3-1/2 Digit True RMS AC DMM 
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Fi 9 ure 12 Temperature S^n^or Figure 13 Positive Temperature Coefficient Resistor 

Temperature Sensor 



Figure 14 Integrated Circuit Temperature Sensor 
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TC7129 


4-1/2 DIGIT ANALOG-TO-DIGITAL CONVERTER 
WITH ON-CHIP LCD DRIVERS 


FEATURES 


■I Count Rosolutipn.+19,999 

M Resolution on 900 mV Scele.10 ^iV 

M True Differential Input and Reference 

II Low Power Consumption.500 ^.A at 9V 

i Direct LCD Driver for: 

4-1/2 Digits 
— Decimal Points 
—“ Low-Battery Indicator 
— Continuity Indicator 


0 Qverrange and Underrange Outputs 

0 Range Select Input.10:1 

0 High Common-Mode Rejection Ratio.110 dB 

0 External Phase Compensation Not Required 


TYPICAL OPERATING CIRCUIT 



1079-1 
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GENERAL DESCRIPTION 

Tho TQ7129 Is a 4-1/2 digit analog-to-digital converter 
(APC) that directly drives a multiplexed liquid crystal dis¬ 
play (LCD). Fabricated in high-performance, low-power 
CMOS, the TC7129 ADC is designed specifically for high- 
resolution, battery-powered digital multimeter applications. 
A complete analog measurement Instrument requires only 
the TG7129, a few passive components, a reference, an 
LCD, and a battery. Power consumption is low, only 500 
jjA from a 9V battery. The traditional dual-slope method of 
A/D conversion has been enhanced with a successive 
integration technique to produce readings accurate to bet¬ 
ter than 0.005% of full scale, and resolution down to 10 pV 
per count. 

The TC7129 includes features important to multimeter 
applications. It detects and indicates low-battery condition, 
A continuity output drives an annunciator on the display, and 
can be used with an external driver to sound an audible 
alarm. Overrange and underrange outputs and a range- 
change input provide the ability to create auto-ranging 
instruments. For snapshot readings, the TC7129 includes a 


latch-and-hold input to freeze the present reading. This 
combination of features makes the TC7129 the Ideal 
choice for full-featured multimeter and digital measurement 
applications. 

ORDERINO INFORMATION 


Part No. 

Pin 

Layout 

Package 

Temperature 

Range 

TC7189CPL 

Normal 

40-Pin 
Plastic DIP 

0°C to +70°C 

TC7129RCPL 

Raversad 

40-Pin 
Plastic DIP 

0°C to +70X 

TC7129CJL 

Normal 

40-Pin 

CarDIP 

O^C to +70’C 

TC7129CKW 

Formad 

44-Pin 
Plastic Flat 

0°Q to +70°C 

TC7129CLW 


44-Pin 

PLCC 

0°C to +70"C 

TC7129CBQ 

Formad 

60-Pin 
Plastic Flat 

O’C to +70®C 


PIN C0NFI6URATI0NS 


OSQi 

OSC 5 

ANNUNICATPR DRIVE 
B^.Cl.CPNT 
Ai.Gi.Pi 

02 . Cj. LP 0 ATT 
A2,02- D2 
F2. E2> DP2 
03,09 MINUS 
DISPLAY A,'. Ga, Da 
OUTPUT 3 ^ 
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ABSOLUTIE MAXIMUM RATINGS 

Supply Voltago (V+ to V").+16V 

Reference Voltage (REF HI or REF LO).V+ to V^ 

Input Voltage (IN HI or IN LO) (Note 1).V^ to 

Vdisp .VMoDGND~0.3V 

Digital Input, Pins 

1,2. 19. 20, ,22, 27, 37, 39, 40 .DGND to V+ 

Analog Input, Pins 25, 29, 30 .V^ to V^ 

Power Dissipation Plastic Package (Note 2).800 mW 

Operating Temperature Range.0®0 to +70°C 

Storage Temperature Range.to +150°C 

Lead Temperature (Soldering, 10 sec).4-300°C 


Notes: Input voltages may exceed supply voltages, provided input current 
is lirtiited to ±400 pA. Currents above this value may result in invalid display 
readings but will not destroy the device if limited to ±1 mA. 

Dissipation ratings assume device is mounted with all leads soldered to 
printed circuit board. 

Static-sensitive device. Unused devices rriust be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS: V+ to V- = 9V, Vref = 1V, Ta = +25°C, (clk = 120 kHz, unless otherwise 

indicated. Pin numbers refer to 40-pin DIP. 


Symbol 

Parameter 

teGt Cohditiotis 

Mih 

Typ 

Max 

Unit 

input 


Zero Input Reading 

V|N - OV. 200 mV Scale 

-0000 

0000 

+0000 

Counts 


Zero Reading Drift 

V|N = OV, O^C < Ta < -»-70‘’C 

— 

±0.5 


pV/°C 


Ratiometric Reading 

V|N = Vref - 1000 mV, Range = 2V 

9997 

9999 

10000 

Counts 


Range Change Accuracy 

ViN = 0.1 V on Low Range 

0.9999 

1.0000 

1.0001 

Ratio 



4-Vin = 1V on High Range 





RE 

Roll-Over Error 

-Vin=s-fV|ni- 199 mV 

— 

1 

2 

Counts 

NL 

Linearity Error 

200 mV Scale 

— 

1 


Counts 

CMRR 

Common-Mode Rejection Ratio 

VcM = 1V, V|N = OV, 200 mV Scale 


110 


dB 

CMVR 

Common-Mode Voltage Range 

< 

z 

it 

o 

< 


(V-) +1.5 


V 



200 mV Scale 

— 

{V-)-1 


V 

6n 

Noise (Peak-to-Peak Value Not 

< 

z 

II 

o 

< 

— 

14 


pVp.p 


Exceeded 95% of Time) 

200 mV Scale 





l|N 

Input Leakage Current 

V|N = OV, Pins 32, 33 

— 

1 

10 

pA 


Scale Factor Temperature 

ViN 199 mV, 0°C < Ta < +70®C 

— 

2 

7 

ppm/°C 


Coefficient 

External Vref = 0 ppm/®C 





Power 

VcoM 

Common Voltage 

V+ to Pin 28 

2.8 

3.2 

3.5 

V 


Common Sink Current 

ACommon u: - 1 - 0.1 V 

— 

0.6 


mA 


Common Source Current 

AGommon = ^.i V 


10 


mA 

DGND 

Digital Ground Voltage 

V^toPin36,V+toV-=9V 

4.5 

5.3 

5.8 

V 


Sink Current 

ADGND * +0.5V 


1.2 

— 

mA 


Supply Voltage Range 

VMO V- 

6 

9 

12 

V 

Is 

Supply Current Excluding Common Current 

V^to V- = 9V 


0.5 

1 

mA 

fCLK 

Clock Frequency 



120 

360 

kH2 


Vdisp Resistance 

Vdisp to V"*^ 


$0 


kQ 


Low-Battery Flag Activation Voltage 

V-^toV- 

6.3 

7.2 

7.7 

V 

Digital 


Continuity Comparator 

Vout Pin 27 = High 

100 

200 


mV 


Threshold Voltages 

VouT Pih 27 = Low 

— 

200 

400 

mV 


Pull-Down Current 

Pins 37, 38, 39 

— 

2 

10 

pA 


"Weak Output" Current 

Pins 20,21 Sink/Source 

— 

3/3 

— 

pA 


Sink/Source 

Pin 27 Sink/Source 


3/9 

— 

pA 


Pin 22 Source Current 



40 


pA 


Pin 22 Sink Current 



3 

— 

pA 
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PIN DESCRIPTIONS (Pin Numbers Refer to 40-Pin DIP) 

Pin 

Name 

Function 

1 

OSCi 

Input to first clock Inverter. 

2 

0 SC 3 

Output of second clock Inverter. 

3 

AUNUNCIATOR 

DRIVE 

Backplane square-wave output for driving annunciators. 

4 

Bi,Ci,CONT 

Output to display segments. 

5 

Ai, Gi, Di 

Output to display segments. 

7 

B 2 . C 2 . LO BATT 

Output to display segments. 

8 

A 2 , G 21 D 2 

Output to display segments. 

9 

F 2 , E 2 , DP 2 

Output to display segments. 

10 

B 3 . C 3 . MINUS 

Output to display segments. 

11 

A 3 , G 3 , D 3 

Output to display segments. 

12 

F 3 , E 3 , DP 3 

Output to display segments. 

13 

B 4 , C 4 , BC 5 

Output to display segments. 

14 

A 4 , D 4 , G 4 

Output to display segments. 

15 

F 4 , E 4 , DP 4 

Output to display segments. 

16 

BP 3 

Backplane #3 output to display. 

17 

BP 2 

Backplane #2 output to display. 

18 

BPi 

Backplane #1 output to display. 

19 

Vdisp 

Negative rail for display drivers. 

20 

DP 4 /OR 

Input: When Hi, turns on most significant decimal point. 

Output: Pulled HI when result count exceeds ±19,999. 

21 

DP 3 /UR 

Input: Second most significant decimal point on when HI. 

Output: Pulled HI when result count is less than ± 1000 . 

22 

LATCH/HOLD 

Input: When floating, ADC operates in the free-run mode. When pulled HI, the last displayed 
reading is held. When pulled LO, the result counter contents are shown incrementing during the 
deintegrate phase of cycle. 

Output: Negative-going edge occurs when the data latches are updated. Can be used for 
converter status signal. 

23 

V- 

Negative power supply terminal. 

24 

V+ 

Positive power supply terminal and positive rail for display drivers. 

25 

INT IN 

input to integrator amplifier. 

26 

INTOUT 

Output of integrator amplifier. 

27 

CONTINUITY 

Input: When LO, continuity flag on the display is off. When HI, continuity flag is on. 

Output: HI when voltage between inputs is less than +200 mV. LO when voltage between inputs 
is more than +200 mV. 

28 

COMMON 

Sets common-mode voltage of 3.2V below \/* for DE, 10 X, etc. Can be used as preregulator for 
external reference. 

29 

Cref'^ 

Positive side of external reference capacitor. 

30 

Cref" 

Negative side of external reference capacitor. 

31 

BUFFER 

Output of buffer amplifier. 

32 

IN LO 

Negative input voltage terminal. 

33 

IN HI 

Positive input voltage terminal. 

34 

REF HI 

Positive reference voltage input terminal. 

35 

REFLO 

Negative reference voltage input terminal. 

36 

DGND 

Internal ground reference for digital section. See "±5V Power Supply" paragraph. 

37 

RANGE 

3 pA pull-down for 200 mV scale. Pulled HI externally for 2V scale. 

38 

DP 2 

Internal 3 pA pull-down. When HI, decimal point 2 will be on. 

39 

DPi 

Internal 3 ^lA pull-down. When HI, decimal point 1 will be on. 

40 

OSC 2 

Output of first clock inverter. Input of second clock inverter. 
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COMPONENT SELECTION 

The TC7129 is designed to be the heart of a high- 
resolution analog measurement instrument. The only addi¬ 
tional components required are a few passive elements, a 
voltage reference, an LCD, and a power source. Most 
component values are not critical; substitutes can be chosen 
based on the information given below. 

The basic circuit for a digital multimeter application is 
shown in Figure 1. See "Special Applications" for variations. 
Typical values for each component are shown. The sections 
below give component selection criteria. 

Oscillator (Xqsc, Cqi, C 02 , Ro) 

The primary criterion for selecting the crystal oscillator 
is to chose a frequency that achieves maximum rejection of 
line-frequency noise. To do this, the integration phase 
should last an integral number of line cycles. The integration 


phase of the TC7129 Is 10,000 clock cycles on the 200 mV 
range and 1000 clock cycles on the 2V range. One clock 
cycle is equal to two oscillator cycles. For 60 Hz rejection, the 
oscillator frequency should be chosen so the period of one 
line cycle equals the integration time for the 2V range: 

1/60 second = 16.7 ms = 

1000 clock cycles * 2 osc cycles/clock cycle 
oscillator frequency 

giving an oscillator frequency of 120 kHz. A similar calcula¬ 
tion gives an optimum frequency of 100 kHz for 50 Hz 
rejection. 

The resistor and capacitor values are not critical; those 
shown work for most applications. In some situations, the 
capacitor values may have to be adjusted to compensate for 
parasitic capacitance in the circuit. The capacitors can be 
low-cost ceramic devices. 
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Some applications can use a simple RC network Instead 
of a crystal oscillator. The RC oscillator has more potential 
for jitter, especially in the least significant digit. See "RC 
Oscillator." 

Integrating Resistor (Rint) 

The integrating resistor sets the charging current for the 
integrating capacitor. Choose a value that provides a current 
between 5 |iA and 20 pA at 2V, the maximum full-scale 
input. The typical value chosen gives a charging current of 
13.3 pA: 


A reading between 10,000 and 9998 Is acceptable; 
anything lower indicates unacceptable high dielectric ab¬ 
sorption. 

Reference Capacitor (Cref) 

The reference capacitor stores the reference voKage 
during several phases of the measurement cycle. Low 
leakage is the primary selection criterion for this component. 
The value must be high enough to offset the effect of stray 
capacitance at the capacitor terminals. A value of at least 
1 pF Is recommended. 


ICHARGE = — 13.3 pA 

150 

kn 

Too high a value for Rint increases the sensitivity to 
noise pickup and increases errors due to leakage current. 
Too low a value degrades the linearity of the integration, 
leading to inaccurate readings. 

Integrating Capacitor (Cint) 

The charge stored in the integrating capacitor during 
Integrate phase Is directly proportional to the input voltage. 
The primary selection criterion for Cint is to choose a value 
that gives the highest voltage swing while remaining within 
the high-llnearlty portion of the integrator output range. An 
integrator swing of 2V Is the recommended value. The 
capacitor value can be calculated from the equation: 


Voltage Reference (Dref, Rref. Rbias, Crf) 

A TC04 band-gap reference provides a high-stabllity 
voltage reference of 1.25V. The reference potentiometer 
(Rref) provides an adjustment for adjusting the reference 
voltage; any value above 20 kW is adequate. The bias 
resistor (Rbias) limits the current through Dref to less than 
160 pA. The reference filter capacitor (Crf) forms an RC 
filter with Rbias to help eliminate noise. 

Input filter (Rif, Cif) 

For added stability, an RC input noise filter is usually 
included in the circuit. The Input filter resistor value should 
not exceed 100 kW. A typical RC time constant value is 
16.7 ms to help reject line-frequency noise. The input filter 
capacitor should have low leakage for high-impedance 
Input. 


Cint = 


tiNT * IlNT 
VsWING 


where tiNT is the integration time. 

Using the values derived above (assuming 60 Hz 
operation), the equation becomes; 


Battery 

The typical circuit uses a 9V battery as a power source. 
Any value between 6V and 12V can be used. For operation 
from batteries with voltages lower than 6V and for operation 
from power supplies, see "Powering the TC7129." 


^ 16.7 ms * 13.3 pA 

Cint =-2v- - 


SPECIAL APPLICATIONS 

The TC7129 as a Replacement Part 


The capacitor should have low dielectric absorption to 
ensure good integration linearity. Polypropylene and Teflon 
capacitors are usually suitable. A good measurement of the 
dielectric absorption is to connect the reference capacitor 
across the inputs by connecting: 


Pin to Pin 

20-^33 (Cref-" to IN HI) 
30 -> 32 (Cref" to IN LO) 


The TC7129 is a direct pin-for-pin replacement part for 
the Intersil ICL7129. Note, however, that the Intersil part 
requires a capacitor and resistor between pins 26 and 28 for 
phase compensation. Since the TC7129 uses internal phase 
compensation, these parts are not required and, in fact, 
must b© removed from the circuit for stable operation. 

Powering the TC7129 

While the most common power source for the TC7129 
is a 9V battery, there are other possibilities. Some of the 
more common ones are explained below. 
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±5V Power Supply 

Measurements are made with respect to power supply 
ground. DGND (pin 36) is set internally to about 5V less than 
(pin 24): it is not intended as a power supply input and 
must not be tied directly to power supply ground. (It can be 
used as a reference for external logic, as explained in 
"Connecting to External Logic." (See Figure 2.) 


+5V 



Figure 2 Powering the TC7129 From a ±5V Power Supply 

Low-Voltage Battery Source 

A battery with voltage between 3.8V and 6V can be used 
to power the TC7129 when used with a voltage-doubler 
circuit as shown in Figure 3. The voltage doubler uses the 
TC7660 DC-to-DC voltage converter and two external ca¬ 
pacitors. 

+5V Power Supply 

Measurements are made with respect to power supply 
ground. COMMON (pin 28) is connected to REF LO (pin 35). 
A voltage doubler is needed, since the supply voltage Is less 
than 6V minimum needed by the TC7129. DGND (pin 36) 
must be isolated from power supply ground. (See Figure 4.) 

Connecting to External Logic 

External logic can be directly referenced to DGND (pin 
36), provided the supply current of the external logic does not 
exceed the sink current of DGND (Figure 5). A safe value for 
DGND sink current is 1.2 mA. If the sink current is expected 
to exceed this value, a buffer Is recommended. (See Fig¬ 
ure 6.) 



Figure 3 Powering the TC7129 From a Low-Voltage Battery 



Figure 4 Poworing the TC7129 From a +5V Power Supply 




TC7129 



Figure 5 External Logic Referenced Directly to DGND 


Temperature Compensation 

For most applications, Vdisp (pin 19) can be connected 
directly to DGND (pin 36). For applications with a wide 
temperature range, some LCDs require the drive levels vary 
with temperature to maintain good viewing angle and dis¬ 
play contrast. Figure 7 shows two circuits that can be 
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Figure 6 External Logic Referenced to DGND With Buffer 


adjusted to give temperature compensation of about 10 
mV/^C between V+ (pin 24) and Vdisp- The diode between 
DGND and Vdisp should have a lowturn-on voltage because 
Vdisp cannot exceed 0.3V below DGND. 


v+ 



v“ 


Circuits 
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RC Oscillator 

For applications in which 3-1/2 digit (100 pV) resolution 
is sufficient, an RC oscillator is adequate. A recommended 
value for the capacitor is 51 pF. Other values can be used as 
long as they are sufficiently larger than the circuit parasitic 
capacitance. The resistor value is calculated from: 

R = 0-45 

freq *C 

For 120 kHz frequency and C = 51 pF, the calculated 
value of R is 75 kW. The RC oscillator and the crystal 
oscillator circuits are shown in Figure 8. 

Measuring Techniques 

Two important techniques are used in the TC7129: 
successive Integration and digital auto-zeroing. Successive 
Integration Is a refinement to the traditional dual-slope 
conversion technique. 

Dual-Slope Conversion 

A dual-slope conversion has two basic phases: inte¬ 
grate and deintegrate. During the integrate phase, the input 
signal is integrated for a fixed period of time; the Integrated 
voltage level is thus proportional to the input voltage. During 
the deintegrate phase, the integrated voltage is ramped 
down at a fixed slope, and a counter counts the clock cycles 
until the integrator voltage crosses zero. The count is a 



Figure 8 Oscillator Circuits 


measurement of the time to ramp the integrated voltage to 
zero, and is therefore proportional to the input voltage being 
measured. This count can then be scaled and displayed as 
a measurement of the Input voltage. Figure 9 shows the 
phases of the dual-slope conversion. 

The dual-slope method has a fundamental limitation. 
The count can only stop on a clock cycle, so that measure¬ 
ment accuracy is limited to the clock frequency. In addition, 
a delay in the zero-crossing comparator can add to the 
inaccuracy. Figure 10 shows these errors in an actual 
measurement. 



Figure 9 Dual-Slope Conversion 


Successive Integration 

The successive Integration technique picks up where 
dual-slope conversion ends. The overshoot voltage shown 
In Figure 10, called the "integrator residue voltage," is 
measured to obtain a correction to the initial count. Figure 11 
shows the cycles in a successive integration measurement. 

The waveform shown Is for a negative Input signal. The 
sequence of events during the measurement cycle is: 


Phase 

Description 

INTi 

Input signal is integrated for fixed time. (1000 clock 
cycles on 2V scale, 10,000 on 200 mV) 

DEi 

Integrator voltage is ramped to zero. Counter counts 
up until zero crossing to produce reading accurate 
to 3-1/2 digits. Residue represents an overshoot of 
the actual input voltage. 

REST 

Rest; circuit settles. 

XI0 

Residue voltage is amplified 10 times and inverted. 

DE2 

Integrator voltage is ramped to zero. Counter counts 
down until zero crossing to correct reading to 4-1/2 
digits. Residue represents an undershoot of the 
actual input voltage. 

REST 

Rest; circuit settles. 

XI0 

Residue voltage is amplified 10 times and inverted. 

DEa 

Integrator voltage is ramped to zero. Counter counts 
up until zero crossing to correct reading to 5-1/2 
diigits. Residue is discarded. 
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Figure 10 Accuracy Errors in Dual-Slope Conversion 



INTEGRATOR RESIDUE VOLTAGE 


Figure 11 Integrator Waveform 


Digital Auto-Zeroing 

To eliminate the effect of amplifier offset errors, the 
TC7129 uses a digital auto-zeroing technique. After the 
input voltage is measured as described above, the mea¬ 
surement is repeated with the inputs shorted internally. The 
reading with inputs shorted is a measurement of the internal 
errors and is subtracted from the previous reading to obtain 
a corrected measurement. Digital auto-zeroing eliminates 
the need for an external auto-zeroing capacitor used in other 
ADCs. 


Inside theTC7129 

Figure 12 shows a simplified block diagram of the 
TC7129. 

Integrator Section 

The integrator section includes the Integrator, compara¬ 
tor, input buffer amplifier, and analog switches used to 
change the circuit configuration during the separate mea¬ 
surement phases described earlier. 
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Figure 12 Functional Diagram 
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°REF R|Nt C|NT 



Figure 13 Integrator Block Diagram 


Table I. Switch Legends 


Label 

Meaning 


Open during all deintegrate phases. 

DE- 

Closed during all deintegrate phases when input 
voltage is negative. 

DE+ 

Closed during all deintegrate phases when input 
voltage is positive. 

INTi 

Closed during the first integrate phase 
(measurement of the input voltage). 

\m2 

Closed during the second integrate phase 
(measurement of the amplifier offset). 

InT 

Open during both integrate phases. 

REST 

Closed during the rest phase. 

Zl 

Closed during the zero-integrate phase. 

X10 

Closed during the X10 phase. 

xTo 

Open during the XI0 phase. 


The buffer amplifier has a common-mode input voltage 
range from 1.5V above V~to IV below V^-. The integrator 
amplifier can swing to within 0.3V of the rails, although for 
best linearity the swing is usually limited to within IV. Both 
amplifiers can supply up to 80 pA of output current, but 
should be limited to 20 pA for good linearity. 

Continuity Indicator 

A comparator with a 200 mV threshold is connected 
between IN HI (pin 33) and IN LO (pin 32). Whenever the 
voltage between inputs Is less than 200 mV, the CONTINUITY 



output (pin 27) will be pulled high, activating the continuity 
annunciator on the display. The continuity pin can also be 
used as an Input to drive the continuity annunciator directly 
from an external source. A schematic of the input/output 
nature of this pin is shown In Figure 15. 
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Common and Digital Ground 

The common and digital ground (DGND) outputs are 
generated from internal zener diodes. The voltage between 
V+ and DGND is the internal supply voltage for the digital 
section of the TC7129. Common can source approximately 
12 pA; DGND has essentially no source capability. 

Low Battery 

The low battery annunciator turns on when supply 
voltage between V+ and V~ drops below 6 . 8 V. The internal 
zener has a threshold of 6.3V. When the supply voltage 
drops below 6 . 8 V, the transistor tied to V“ turns off, pulling 
the Tow Battery" point high. (See Figure 16.) 



Figure 16 Digital Ground (DGND) and Common Outputs 


Sequence and Results Counter 

A sequence counter and associated control logic pro¬ 
vide signals that operate the analog switches in the integra¬ 
tor section. The comparator output from the integrator gates 
the results counter. The results counter is a six-section up/ 
down decade counter which holds the intermediate results 
from each successive Integration. 

Overrange and Underrange Outputs 

When the results counter holds a value greater than 
±19,999, the DP4/OR output (pin 20) is driven high. When 
the results counter value is less than ±1000, the DP 3 /UR 
output (pin 21) is drive n high. Both signals are valid on the 
falling edge of LATCH/HOLD (LyH) and do not change until 
the end of the next conversion cycle. The signals are 
updated at the end of each conversion unless the L/H input 
(pin 22 ) is held high. Pins 20 and 21 can also be used as 
inputs for external control of decimal points 3 and 4. Figure 
15 shows a schematic of the input/output nature of these 
pins. 

Latch/Hold 

The Dh output goes low during the last 100 cycles of 
each conversion. This pulse latches the conversion data into 
the display driver section of the TC7129. This pin can also 
be used as an input. When driven high, the display will not 
be updated; the previous reading is displayed. When driven 
low, the display reading is not latched; the sequence counter 
reading will be displayed. Since the counter Is counting 
much faster than the backplanes are being updated, the 
reading shown in this mode is somewhat erratic. 

Display Driver 

The TC7129 drives a triplexed LCD with three back¬ 
planes. The LCD can include decimal points, polarity sign, 
and annunciators for continuity and low battery. Figure 17 
shows the assignment of the display segments to the 
backplanes and segment drive lines. The backplane drive 
frequency is obtained by dividing the oscillator frequency by 
1 200. This results in a backplane drive frequency of 1 00 Hz 
for 60 Hz operation (120 kHz crystal) and 83.3 Hz for 50 Hz 
operation (100 kHz crystal). 

Backplane waveforms are shown in Figure 18. These 
appear on outputs BPi, BP2, BP3 (pins 16,17, and 18). They 
remain the same regardless of the segments being driven. 

Other display output lines (pins 4 through 15) have 
waveforms that vary depending on the displayed values. 
Figure 19 shows a set of waveforms for the A, (3, D outputs 
(pins 5, 8 , 11, and 14) for several combinations of "on" 
segments. 
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The ANNUNCIATOR DRIVE output (pin 3) is a square- 
wave running at the backplane frequency (100 Hz or 83.3 Hz), 
with a peak-to-peak voltage equal to DGND voltage. Con¬ 
necting an annunciator to pin 3 turns it on; connecting it to its 
backplane turns it off. 
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FEATURES 

■ Low Roll-Over Error.±1 Count Max 

■ Guaranteed Nonlinearity Error.±1 Count Max 

■ Guaranteed Zero Reading for OV Input 

■ True Polarity Indication at Zero for Null Detection 

■ Multiplexed BCD Data Output 

■ TTL-Compatible Outputs 

■ Differential Input 

■ Control Signals Permit Interface to UARTs and 
^Processors 


■ Auto-Ranging Supported With Overrange and 
Underrange Signals 

■ Blinking Display Visually Indicates Overrange 


Condition 

■ Low Input Current.1 pA 

■ Low Zero Reading Drift.2 |j,V/°C 


■ Interfaces to TC7211A (LCD) and TC7212A (LED) 
Display Drivers 

■ Available in DIP and Surface-Mount Packages 


TYPICAL 4-1/2 DIGIT DVM WITH LCD 


4-1/2 DIGIT LCD 


hl^8888 



BACKPLANE 


+5V 


BP 

V+ 

D1 


D2 

SEG 

D3 

OUT 

D4 


B3 

TC7211A 

B2 

OSC 

B1 


BO 

GND 


2,3,4 

6-26 

37-40 


+5V 

OPTIONAL 

CAP 


1080-1 
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GENERAL DESCRIPTION 

The TC7135 4-1/2 digit analog-to-digital converter (ADC) 
offers 50 ppm (1 part in 20,000) resolution with a maximum 
nonlinearity error of 1 count. An auto-zero cycle reduces 
zero error to below 10 pV and zero drift to 0.5 pV/®C. Source 
impedance errors are minimized by a 10 pA maximum input 
current. Roll-over error is limited to ±1 count. 

By combining the TC7135 with a TC7211A (LCD) or 
TC7212A (LED) driver, a 4-1/2 digit display DVM or DPM 
can be constructed. Overrange and underrange signals 
support automatic range switching and special display 
blanking/flashing applications. 

Microprocessor-based measurement systems are 
supported by BUSY, STROBE, and RUN/HOLD control 
signals. Remote data acquisition systems with data trans- 

PIN CONFIGURATIONS 


fer via UARTs are also possible. The additional control pins 
and multiplexed BCD outputs make the TC7135 the ideal 
converter for display or microprocessor-based measure¬ 
ment systems. 

ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

TC7135CJI 

28-Pin CerDIP 

0°C to +70°C 

TC7135CPI 

28-Pin Plastic DIP 

0°C to +70"C 

TC7135CBQ 

60-Pin Plastic Flat Package 
With Formed Leads 

0°C to +70°C 

TC7135CLI 

28-Pin PLCC 

0°C to +70°C 


TC7135 

(NOTES 1 AND 2) 


NC 
NC 

NC [« 

D1 [49 
D2 [so 

busyUi 

CLOCK IN [52 
SUB [53 
POL[l4 
DGNOdl 
RUN/HOLD [56 
STROBE 
NC [58 
NC [S9 
NC [60 • 

lii UJ 03 I Z S 

O O 3 > ~ O 

§ 2 W iij o 

2 2 <r o 

cc oc O 

LU UJ 

O Z 2 

3 < 


NOTES: 1. NC = No internal connection. 

2. Pins 8,23, 38 and 53 are connected to the die substrate. 
The potential at these pins is approximately V^. No external 
connection should be made. 



^REF 



REF Li 
- INPUT [T 
■UNPUT rTF] 

v+DI 

(MSD) D5 QF 
(LSB) B1 [W 

B 2 QT 



Fil UNDERRANGE 
zTl OVERRANGE 
Fe] STROBE 
Fsl RUN/HOLD 
FT] DIGTALGND 
~23l POLARITY 
FT] CLOCK IN 
FT] BUSY 
Fo] D1 (LSD) 
lil D2 
Til D3 
If] D4 
TF] B8 (MSD) 

Til B4 


<S u. 
ZO UJ I 

<0 oc > 


E SE E 


AZIN [T 
BUFF OUT [? 
REF CAP" [7 
REF CAP+[i 
-INPUT [T 
■UNPUT [jO 
V+ ^ 


^mmnnmi 28 ii^r 2 ^ 



'MMNliiJNlizlN 
g Q g m m o S S 
id. S 


^ RUN/HOLD 
^ DIGTAL GND 
H POLARITY 
2^ CLOCK IN 
2^ BUSY 
2^ D1 (LSD) 
iH D2 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Positive Supply Voltage.+ 6 V 

Negative Supply Voltage.-9V 

Analog Input Voltage (Pin 9 or 10 ).V-^ to V" (Note 2 ) 

Reference Input Voltage (Pin 2 ).V+ to V" 

Clock Input Voltage.OV to V*^ 

Operating Temperature Range. 0 °C to +70°C 

Storage Temperature Range.-65°C to -i-160°C 

Lead Temperature (Soldering, 10 sec).+300°C 


Package Power Dissipation 

CerDIP(J). 1 W 

Plastic (P).0.8W 

Static-sensitive device. Unused devices must be stored in conductive 
material to protect them from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C, fciocK = 120 kHz, V^ = +5V, V" = -5V (Figure 1 ) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Analog 


Display Reading With 

Notes 2 and 3 

- 0.0000 

± 0.0000 

+ 0.0000 

Display 


Zero Volt Input 





Reading 

TCz 

Zero Reading Temperature 

> 

0 

II 

z 

> 

— 

0.5 

2 

pV/°C 


Coefficient 

Note 4 





TCfs 

Full-Scale Temperature 

ViN = 2 V 

_ 

— 

5 

ppm/“C 


Coefficient 

Notes 4 and 5 





NL 

Nonlinearity Error 

Note 6 

— 

0.5 

1 

Count 

DNL 

Differential Linearity Error 

Note 6 

— 

0.01 

— 

LSB 


Display Reading in 

LU 

CE 

> 

II 

z 

> 

-t-0.9998 

+0.9999 

+ 1.0000 

Display 


Ratiometric Operation 

Note 2 




Reading 

±FSE 

± Full-Scale Symmetry 

-ViN = +V|N 

— 

0.5 

1 

Count 


Error (Roll-Over Error) 

Note 7 





l|N 

Input Leakage Current 

Note 3 

— 

1 

10 

pA 

Vn 

Noise 

Peak-to-Peak Value Not 

— 

15 

— 

^Vp.p 



Exceeded 95% of Time 





Digital 

IlL 

Input Low Current 

> 

0 

II 

z 

> 

— 

10 

100 

fA 

llH 

Input High Current 

V|N = -I-5V 

— 

0.08 

10 

fA 

VoL 

Output Low Voltage 

Iql = 1-6 mA 

— 

0.2 

0.4 

V 

VoH 

Output High Voltage 







B-i, B 2 , B 4 , Bg, D 1 -D 5 

loH = 1 ITlA 

2.4 

4.4 

5 

V 


Busy, Polarity, Overrange, 

0 

X 

II 

0 

> 

4.9 

4.99 

5 

V 


Underrange, Strobe 






fcLK 

Clock Frequency 

Note 8 

0 

120 

1200 

kHz 

Power Supply 

V+ 

Positive Supply Voltage 


4 

5 

6 

V 

V- 

Negative Supply Voltage 


-3 

-5 

-8 

V 

1 ^ 

Positive Supply Current 

fcLK = 0 Hz 

__ 

1 

3 

mA 

l- 

Negative Supply Current 

fCLK = 0 Hz 

— 

0.7 

3 

mA 

PD 

Power Dissipation 

fcLK = 0 Hz 

— 

8.5 

30 

mW 


1. Limit input current to under 100 pA if input voltages exceed supply voltage. 

2. Full-scale voltage = 2V. 

3 . ViN = 0 V. 

4. 0°C ^ Ta ^ +70°C. 

5. External reference temperature coefficient less than 0.01 ppm/°C. 

6. -2V ^ V|N -(-2V. Error of reading from best fit straight line. 

7. IVinI = 1.9959. 

8. Specification related to clock frequency range over which the TC7135 correctly performs its various functions. Increased errors result at 
higher operating frequencies. 
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Figure 1. Test Circuit 


V* 






Figure 3A. Internal Analog Switches 
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GENERAL THEORY OF OPERATION 
Dual-Slope Conversion Principles 

The TC7135 is a dual-slope, integrating analog-to- 
digital converter. An understanding of the dual-slope con¬ 
version technique will aid in following detailed TC7135 
operational theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 

The input signal being converted is integrated for a fixed 
time period, measured by counting clock pulses. An oppo¬ 
site polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The 
reference Integration time is directly proportional to the input 
signal. 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to "ramp-up" and "ramp- 
down." 

A simple mathematical equation relates the input signal, 
reference voltage, and integration time: 


1 

RC 


f’®' ViN(t)dt= 

Jq RC 


where: 

Vr = Reference voltage 

tsi = Signal Integration time (fixed) 

tRi = Reference voltage integration time (variable). 


For a constant V|n: 

Vin = Vr 

The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. Noise immunity is an 
inherent benefit. Noise spikes are integrated, or averaged, 
to zero during integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes¬ 
sive approximation converters in high-noise environments. 
(See Figure 4.) 

TC7135 Operational Theory 

The TC7135 incorporates a system zero phase and 
integrator output voltage zero phase to the normal two- 
phase dual-slope measurement cycle. Reduced system 
errors, fewer calibration steps, and a shorter overrange 
recovery time result. 

The TC7135 measurement cycle contains four phases: 

(1) System zero 

(2) Analog input signal integration 

(3) Reference voltage integration 

(4) Integrator output zero 

Internal analog gate status for each phase is shown in 
Table I. 



Figure 4. Basic Dual-Slope Converter 
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Table 1. internal Analog Gate Status 

Conversion 



internal Analog Gate Status 



Reference 

Cycle Phase 

SW| 

SWr,+ 

SWRf SWz SWr 

SWi 

SWiz 

Schematic 

System Zero 



Closed Closed 

Closed 


3B 

Input Signal 

Integration 

Closed 





3C 

Reference Voltage 
Integration 


Closed* 


Closed 


3D 

integrator 

Output Zero 




Closed 

Closed 

3E 


‘NOTE: Assumes a positive polarity input signal. SWRf would be closed for a negative input signal. 


System Zero Phase 

During this phase, errors due to buffer, integrator, and 
comparator offset voltages are compensated for by charg¬ 
ing Caz (auto-zero capacitor) with a compensating error 
voltage. With zero input voltage, the Integrator output remains 
at zero. 

The external input signal is disconnected from the 
internal circuitry by opening the two SW| switches. The in¬ 
ternal input points connect to analog common. The reference 
capacitor charges to the reference voltage potential through 
SWr. a feedback loop, closed around the integrator and 
comparator, charges the Caz with a voltage to compensate 
forbufferamplifier, integrator, and comparator offset voltages. 
(See Figure 3B.) 

Analog Input Signal Integration Phase 

The TC7135 integrates the differential voltage between 
the +INPUT and -INPUT. The differential voltage must be 
within the device's common-mode range; -1V from either 
supply rail, typically. 

The input signal polarity is determined at the end of this 
phase. (See Figure 3C) 


Reference Voltage Integration Phase 

The previously-charged reference capacitor is con¬ 
nected with the proper polarity to ramp the integrator 
output back to zero. (See Figure 3D.) The digital reading 
displayed is: 


Reading = 10,000 


Differential Input 
Vref 


Analog Section Functional Description 

Differential Inputs 

The TC7135 operates with differential voltages (+IN- 
PUT, pin 10 and -INPUT, pin 9) within the input amplifier 
common-mode range which extends from IV below the 
positive supply to IV above the negative supply. Within this 
common-mode voltage range, an 86 dB common-mode 
rejection ratio is typical. 

The integrator output also follows the common-mode 
voltage and must not be allowed to saturate. A worst-case 
condition exists, for example, when a large positive common¬ 
mode voltage with a near full-scale negative differentia! 
input voltage is applied. The negative input signal drives the 
integrator positive when most of its swing has been used up 
by the positive common-mode voltage. For these critical 
applications, the integrator swing can be reduced to less 
than the recommended 4V full-scale swing, with some loss 
of accuracy. The integrator output can swing within 0.3V of 
either supply without loss of linearity. 

Analog Common 

ANALOG COMMON (pin 3) is used as the-INPUT return 
during the auto-zero and deintegrate phases. If -INPUT is 
different from analog common, a common-mode voltage 
exists in the system. This signal is rejected by the excellent 
CMRR of the converter. In most applications, -INPUT will be 
set at a fixed known voltage (power supply common, for 
instance). In this application, analog common should be tied 
to the same point, thus removing the common-mode voltage 
from the converter. The reference voltage is referenced to 
analog common. 


integrator Output Zero Phase 

This phase guarantees the integrator output is at OV 
when the system zero phase is entered and that the true 
system offset voltages are compensated for. This phase 
normally lasts 100 to 200 clock cycles. If an overrange 
condition exists, the phase is extended to 6200 clock cycles. 
(See Figure 3E.) 


Reference Voltage 

The reference voltage input (REF IN, pin 2) must be a 
positive voltage with respect to analog common. Two refer¬ 
ence voltage circuits are shown in Figure 5. 


1-182 



4-1/2 DIGIT 

ANALOG-TO-DIGITAL CONVERTER 


TC7135 



Figure 5. Using an External Reference Voltage 


Digital Section Functional Description 

The major digital subsystems within the TC7135 are 
illustrated in Figure 6, with timing relationships shown in 
Figure 7. The multiplexed BCD output data can be displayed 
on an LCD or LED display with the TC7211A (LCD) or 
TC7212A (LED) 4-digit display drivers. 

The digital section is best described through a discus¬ 
sion of the control signals and data outputs. 


RUN/HOLD Input _ 

When left open, the RUN/HOyD (R/H) input (pin 25) 
assumes a logic "1" level. With R/H = 1, the TC7135 per¬ 
forms conversions continuously, with a new measurement 
cycle beginning every 40,002 clock pulses. 

When R/H changes to logic "0," the measurement cycle 
in progress will be completed, and data held and displayed, 
as long as the logic "0" condition exists. 

A positive pulse (>300 ns) at R/H Initiates a new mea¬ 
surement cycle. The measurement cycle in progress when 
R/H initially assumed logic "0" must be completed before the 
positive pulse can be recognized as a single conversion run 
command. 

The new measurement cycle begins with a 10,001- 
count auto-zero phase. At the end of this phase, the busy 
signal goes high. 



DIGITAL CLOCK RUN/ OVER- UNDER- STROBE BUSY 

GND IN hold range RANGE 


Figure 6. Digital Section Functional Diagram 
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Figure 7. Timing Diagrams for Outputs 


STROBE Output _ 

During the measurement cycle, the STROBE output 
(pin 26) control line is pulsed low five times. The five low 
pulses occur in the center of the digit drive signals (Di, D2, 
D3, D4 and D5; see Figure 8). 

D5 goes high for 201 counts when the measurement 
cycles end. In the center of D5 pulse, 101 clock pulse s after 
the end of the measurement cycle, the first STROBE occurs 
for one-half cl ock pulse. After 65 strobe, D4 goes high for 200 
clock pulses. STROBE goes low 100 clock pulses after D4 
goes high. This continues through the Di drive pulse. 

The d igit drive s ignals will continue to permit display 
scanning. STROBE pulses are not repeated until a new 
measurement is completed. The digit drive signals will not 
continue if the previous signal resulted in an overrange 
condition. 


TC 7135 

OUTPUTS 


^ "H-END OF CONVERSION 

w?- 


(MSD)y D4 y D3 y D2 yD1(LSD)y D5 IT 
lATA A DATA A DATA A DATA A DATA A DATA A 


Yds 

A DATA 






•^200- 

COUNTS ■ 




200 -► 
COUNTS 


200 


M-200^ 

COUNTS 


200 


‘DELAY BETWEEN BUSY GOING LOW AND FIRST STROBE 
PULSE IS DEPENDENT ON ANALOG INPUT. 


Figure 8. Strobe Signal Pulses Low Five Times per Conversion 


The active-low STROBE pulses aid BCD data transfer 
to UARTs, microprocessors, and external latches. (See 
Application Note AN-16.) 

BUSY Output 

At the beginning of the signal-integration phase, BUSY 
(pin 21) goes high and remains high until the first clock pulse 
after the integrator zero crossing. BUSY returns to logic "0“ 
after the measurement cycle ends In an overrange condition. 
The internal display latches are loaded during the first clock 
pulse after BUSY and are latched at the clock pulse end. The 
BUSY signal does not go high at the beginning of the 
measurement cycle, which starts with the auto-zero phase. 

OVERRANGE Output 

If the input signal causes the reference voltage integra¬ 
tion time to exceed 20,000 clock pulses, the OVERRANGE 
output (pin 27) is set to logic "1." The OVERRANGE output 
register is set when BUSY goes low and reset at the 
beginning of the next reference-integration phase. 

UNDERRANGE Output 

If the output count is 9% of full scale or less (^1800 
counts), the UNDERRANGE output (pin 28) register bit Is 
set at the end of BUSY. The bit is set low at the next signal- 
integration phase. 
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POLARITY Output 

A positive input is registered by a logic " 1 " polarity signal. 
The POLARITY output (pin 23) is valid at the beginning of 
reference integrate and remains valid until determined dur¬ 
ing the next conversion. 

The POLARITY bit is valid even for a zero reading. 
Signals less than the converter's LSB will have the signal 
polarity determined correctly. This is useful In null applications. 

Digit Drive Outputs 

Digit drive outputs are positive-going signals. Their scan 
sequence is D 5 , D 4 , D 3 , D 2 and Di (pins 12,17,18,19 and 
20, respectively). All positive signals are 200 clock pulses 
wide, except D 5 , which is 201 clock pulses. 

All five digits are continuously scanned, unless an 
overrange condition occurs. In an ov errange co ndition, ail 
digit drives are held low from the final STROBE pulse until 
the beginning of the next reference-integrate phase. The 
scanning sequence is then repeated, providing a blinking 
visual display. 

BCD Data Outputs 

The binary coded decimal (BCD) outputs, Bq, B 4 , B 2 and 
Bi (pins 16, 15, 14 and 13, respectively) are positive true- 
logic signals. They become active simultaneously with digit 
drive signals. In an overrange condition, all data bits are 
logic " 0 ". 

APPLICATIONS INFORMATION 
Component Value Selection 
Integrating Resistor 

The integrating resistor (Rint) is determined by the full- 
scale input voltage and output current of the buffer used to 
charge the Integrator capacitor (C|nt)- Both the buffer am¬ 
plifier and the integrator have a Class A output stage, with 
100 pA of quiescent current. A 20 pA drive current gives 
negligible linearity errors. Values of 5 pA to 40 pA give good 
results. The exact value of Rint tor a 20 pA current is easily 
calculated: 

Full-scale voltage 


Integrating Capacitor 

The product of Rint and Cint should be selected to give 
the maximum voltage swing to ensure tolerance build-up will 
not saturate integrator swing (approximately 0.3V from 
either supply). For ±5V supplies, and analog common tied to 
supply ground, a ±3.5V to ±4V full-scale integrator swing is 


adequate. A 0 .1 0 pFto 0.47 pF is recommended. In general, 
the value of C|nt is given by: 

_ [10,000 X clock period] x Iint 
~ Integrator output voltage swing 

( 10 , 000 ) (clock period) (20 pA) 

Integrator output voltage swing ‘ 

A very important characteristic of the C|nt is that it has 
low dielectric absorption to prevent roll-over or ratiometric 
errors. A good test for dielectric absorption is to use the 
capacitor with the input tied to the reference. This ratiometric 
condition should read half-scale 0.9999. Any deviation is 
probably due to dielectric absorption. Polypropylene 
capacitors give undetectable errors at reasonable cost. 
Polystyrene and polycarbonate capacitors may also be 
used in less critical applications. 

Auto-Zero and Reference Capacitors 

The size of the auto-zero capacitor (Caz) has some in¬ 
fluence on system noise. A large capacitor reduces noise. 
The reference capacitor (Cref) should be large enough such 
that stray capacitance from its nodes to ground is negligible. 

The dielectric absorption of Cref and Caz is only im¬ 
portant at power-on, or when the circuit is recovering from an 
overload. Smaller or cheaper capacitors can be used if 
accurate readings are not required during the first few 
seconds of recovery. 

Reference Voltage 

The analog input required to generate a full-scale output 
is V|N =2 Vref- 

The stability of the reference voltage is a major factor In 
overall absolute accuracy of the converter. Therefore, It is 
recommended that high-quality references be used where 
high-accuracy, absolute measurements are being made. 
Suitable references are: 


Part Type 

Manufacturer 

TC04 

Teledyne Components 

MP5010 

Teledyne Components 


Conversion Timing 

Line Frequency Rejection 

A signal-integration period at a multiple of the 60 Hz line 
frequency will maximize 60 Hz "line noise" rejection. 

A 100 kHz clock frequency will reject 50 Hz, 60 Hz and 
400 Hz noise, corresponding to 2.5 readings per second. 
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Table II. Line Frequency Rejection 


Oscillator Frequency 

Frequency Rejected 

(kHz) 

(Hz) 

300, 200, 150, 120, 

60 

100, 40, 33-1/3 


250, 166-2/3, 

50 

125, 100 


100 

50, 60, 400 


Table III. Conversion Rate vs Clock Frequency 

Conversion Rate 

Clock 

(Conv/Sec) 

Frequency (kHz) 

2.5 

100 

3.0 

120 

5.0 

200 

7.5 

300 

10.0 

400 

20.0 

800 

30.0 

1200 


Displays and Driver Circuits 

Teledyne Components manufactures three display de- 
coder/driver circuits to interface the TC7135 to LCDs or LED 
displays. Each driver has 28 outputs for driving four 7- 
segment digit displays. The TC700A features increased 
LED segment drive current for greater display brightness. 


Device 

Package 

Description 

TC7211AIPL 

40-Pin Epoxy 

4-Digit LCD Driver/Encoder 

TC7212AIPL 

40-Pin Epoxy 

4-Digit LED Driver/Encoder 


Several sources exist for LCDs and LED displays. 

Manufacturer 

Address 

Display 

Type 

Hewlett Packard 
Components 

640 Page Mill Road 

Palo Alto, CA 94304 

LED 

AND 

770 Airport Blvd. 

Burlingame, CA 94010 

LCD and 
LED 

Epson America, Inc. 

3415 Kanhi Kawa St. 

Torrance, CA 90505 

LCD 


High-Speed Operation 

The maximum conversion rate of most dual-slope ADCs 
is limited by frequency response of the comparator. The 
comparator in this circuit follows the integrator ramp with a 
3 [IS delay, and at a clock frequency of 160 kHz (6 ps period), 
half of the first reference Integrate clock period is lost in 
delay. This means the meter reading will change from 0 to 
1 with a 50 pV Input, 1 to 2 with 150 pV, 2 to 3 with 250 pV, 
etc. This transition at mid-point is considered desirable by 
most users; however, if clock frequency is increased ap¬ 
preciably above 160 kHz, the instrument will flash "1" on 
noise peaks even when the input is shorted. 

For many dedicated applications, where the input signal 
is always of one polarity, comparator delay need not be a 
limitation. Since nonlinearity and noise do not increase 
substantially with frequency, clock rates up to ~1 MHz may 
be used. For a fixed clock frequency, the extra count (or 
counts) caused by comparator delay will be constant and 
can be digitally subtracted. 

The clock frequency may be extended above 160 kHz 
without this error, however, by using a low value resistor in 
series with the integrating capacitor. The effect of the 
resistor is to introduce a small pedestal voltage onto the 
integrator output at the beginning of reference-integrate 
phase. By careful selection of the ratio between this resis¬ 
tor and the integrating resistor (a few tens of ohms in the 
recommended circuit), the comparator delay can be com¬ 
pensated for and maximum clock frequency extended 
by approximately a factor of 3. At higher frequencies, ring¬ 
ing and second-order breaks will cause significant 
nonlinearities during the first few counts of the instrument. 

The minimum clock frequency is established by leakage 
on the auto-zero and reference capacitors. With most de¬ 
vices, measurement cycles as long as 10 seconds give no 
measurable leakage error. 

The clock used should be free from significant phase or 
frequency jitter. Several suitable low-cost oscillators are 
shown in the applications section. The multiplexed output 
means if the display takes significant current from the logic 
supply, the clock should have good PSRR. 

Zero-Crossing Flip-Flop 

The flip-flop interrogates data once every clock pulse 
after transients of the previous clock pulse and half-clock 
pulse have died down. False zero-crossings caused by 
clock pulses are not recognized. Of course, the flip-flop 
delays the true zero-crossing by up to one count in every 
instance, and if a correction were not made, the display 
would always be one count too high. Therefore, the counter 
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is disabled for one clock pulse at the beginning of the 
reference integrate (deintegrate) phase. This one-count 
delay compensates for the delay of the zero-crossing flip- 
flop, and allows the correct number to be latched into the 
display. Similarly, a one-count delay at the beginning of 
auto-zero gives an overload display of 0000 instead of 0001. 
No delay occurs during signal integrate, so true ratiometric 
readings result. 

Generating a Negative Supply 

A negative voltage can be generated from the positive 
supply by using a TC7660. (See Figure 9.) 


Rgure 9. Negative Supply Voltage Generator 
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TYPICAL APPLICATIONS DIAGRAMS 


RC Oscillator Circuit 
R2 

-V\A/--j--V\A/—I 

L^o—to 

GATES ARE 74C04 


■| fQ ~ _ 1 _ Pp — ^1 ^2 

2 C[0.41 Rp + 0.70 Ri] R, + R 2 

a. If R = R, = Ra, f = 0.55/RC 

b. If R2» Rt,fs0.45/RiC 

c. If R2«Ri,fs0.72/RiC 
2. Examples; 

a. f=120kHz, C = 420pF 
Ri = R 2 = 10.9kn 

b. f = 120 kHz, C = 420 pF, Ra = 50 kn 
Ri = 8.93 kn 

c. f = 120 kHz. C = 220 pF, Ra = 5 kQ 
Ri = 27.3 kn 


Comparator Clock Circuit 


+5V 
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TYPICAL APPLICATIONS DIAGRAMS (Cont.) 


4-1/2 Digit ADC With Muitipiexed Common Anode LED Dispiay « 5 v 



4-1/2 Digit ADC Interfaced to LCD With Digit Blanking on Overrange 
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TYPICAL APPLICATIONS DIAGRAMS (Cont.) 


4-1/2 Digit ADC With Multiplexed Common Cathode LED Display 

♦SV +5V 



4-Channel Data Acquisition System 

ADDRESS BUS 


CONTROL 



CHANNEL SELECTION 





NOTES 



^^^TELEDYNE 

COMPONENTS 


1 


TC7136 

TC7136A 


LOW POWER, 3-1/2 DIGIT ANALOG-TO-DIGITAL CONVERTERS 

FEATURES TYPICAL APPUCATIONS 


■ Fast Overrange Recovery, Guaranteed First 


Reading Accuracy 

■ Low Temperature Drift Internal Reference 

TC7136.70 ppm/°CTyp 

TC713eA .35 ppm/°C Typ 

■ Guaranteed Zero Reading With Zero Input 

■ Low Noise.15 pVp.p 

■ High Resolution.0.05% 

■ Wide Dynamic Range.72 dB 

■ Low input Leakage Current.1 pA Typ 

10 pA Max 


■ Direct LCD Drive — No External Components 

■ Precision Null Detectors With True Polarity at Zero 

■ High-Impedance Differential Input 

■ Convenient 9V Battery Operation With 

Low Power Dissipation.500 |xW Typ 

900 |iW Max 

■ Internal Clock Circuit 

■ Available in Compact Flat Package or PLCC 

■ industrial Temperature Range Device Available 


Thermometry 
Bridge Readouts 

— Strain Gauges 

— Load Cells 

— Null Detectors 
Digital Meters 

— Voltage/Current/Ohms/Power 
-pH 

— Capacitance/Inductance 

— Fluid Flow Rate/Viscosity/Level 

— Humidity 

— Position 
Digital Scales 
Panel Meters 
LVDT Indicators 
Portable Instrumentation 
Power Supply Readouts 
Process Monitors 
Gaussometers 
Photometers 


TYPICAL OPERATING CIRCUIT 


0.1 nF 



1081-1 
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GENERAL DESCRIPTION 

The TC7136 and TC7136A are low-power, 3-1/2 digit, 
liquid crystal display (LCD), analog-to-digital converters 
(ADCs). These devices incorporate an "integrator output 
zero" phase which guarantees overrange recovery. The 
performance of existing TC7126, TC7126A and ICL7126- 
based systems may be upgraded with minor changes to 
external, passive components. 

The TC7136A has an improved internal zener refer¬ 
ence voltage circuit which maintains the analog common 
temperature drift to 35 ppm/°C (typical) and 75 ppm/°C 
(maximum). This represents an improvement of two to four 
times over similar 3-1/2 digit converters. The costly, space¬ 
consuming external reference source may be removed. 

The TC7136 limits linearity error to less than 1 count 
on 200 mV or 2V full-scale ranges. Roll-over error — the 
difference in readings for equal magnitude but opposite 
polarity input signals — is below ±1 count. High-impedance 
differential inputs offer 1 pA leakage currents and a lO^^Q 
input impedance. The differential reference input allows 

ORDERING INFORMATION 


ratiometric measurements for ohms or bridge transducer 
measurements. The 15 pVp.p noise performance guaran¬ 
tees a "rock solid" reading. The auto-zero cycle guarantees 
a zero display readout for a OV Input. 

The single-chip CMOS TC7136 incorporates all the 
active devices for a 3-1/2 digit ADC to directly drive an 
LCD. The internal oscillator, precision voltage reference, 
and display segment/backplane drivers simplify system 
integration, reduce board space requirements and lower 
total cost. A low-cost, high-resolution (0.05%) indicating 
meter requires only a display, four resistors, four capaci¬ 
tors and a 9V battery. The flat package option eases the 
mechanical design of low-cost, hand-held multimeters. 

The TC7136A dual-slope conversion technique rejects 
interference signals if the converter's integration time is set 
to a multiple of the Interference signal period. This is espe¬ 
cially useful in industrial measurement environments where 
50 Hz, 60 Hz, and 400 Hz line frequency signals are 
present. 


Part No. 

Package 

Pin 

Layout 

Temperature 

Range 

Reference 
Temperature 
Coefficient (Max) 

TC7136ACPL 

TC7136CPL 

40-Pin Plastic DIP 

Normal 

0 °C to +70°C 

75 ppm/°C 
150 ppnn/°C 

TC7136ARCPL 

TC7136RCPL 

40-Pin Plastic DIP 

Reversed 

0 °C to +70°C 

75 ppm/°C 
150 ppm/°C 

TC7136AIJL 

TC7136IJL 

40-Pin CerDIP 

Normal 

-25°C to +85°C 

100 ppm/°C 
150 ppm/°C 

TC7136ACKW 

TC7136CKW 

44-Pin Plastic Flat 

Formed Leads 

O'C to +70‘’C 

75 ppm/°C 
150 ppm/°C 

TC7136ACLW 

TC7136CLW 

44-Pin PLCC 


0 °C to +70°C 

75 ppm/°C 
150 ppm/°C 
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TC7136 

TC7136A 


< m O Q 

rri m (Ti 


r- 

CM 

CO 


X 

0 

0 

0 


u. 

(n 

(/) 

(/> 

UJ 

UJ 

0 

0 

0 

F 

a 

ra 



Ril 

1401 


TC7136CLW 

TC7136ACLW 

(PLCC) 


39] REF LO 

^Cref 

^ COMMON 
^IN HI 
^NC 
^IN LO 
^AZ 
^BUFF 
^INT 
29 ] V" 


liaj [19] I20I I21I I22I I23I I24I I25I |26| |27| |28| 

<0 CO CO —J O Q. CO CO CO CM 

mu-ujm ozmo<oo 

< a. 


— o 

^ ^ « o u. 

UJUJ+OCiOCO 5 N D ^ I 

OCCEOOOZZ^qqZ> 

|4i||43l|42l[4il[40l|39l|5il[37||3il[35l|34l 


ncLi 

NC[2 
TEST [± 
OSC 3 IT 

nc[7 
0 SC 2 |T 

0SC1 [7 
v+ |T 
Dl[I 

Cilio 


TC7136CKW 
TC7136ACKW 
(FLAT PACKAGE) 


Ii^yii4i[i^ii^[i7j[i8|[i^ I 20 J y 

T-T-T-T- CMCMCMCMCMCM^ 

<LL0LXJ Q0 CD<LJ^LU 0 


• ^ OSC 1 

NORMAL PIN ZZ: 
CONFIGURATION 39J OSC 2 

OSC 3 

It] test 

;mivSef 

35]v5ef 

34] Cref 
^ Cref 
^ ANALOG 
^ COMMON 


D 3 Lli. 

I B 3 \j¥ 

100’s ,- 

F 3 QI 

_ E 3 Q 1 

1000's—►AB4 ]j¥ 

POL[20~ 
(MINUS SIGN) 


TC7136 

TC7136A 


SOjVfN 
J9 ]CaZ 
Ml VbuFF 
JlJViNT 

Is] V" 

M]G2 I 

Ml C 3 I 

== 100’s 

23] A 3 

22 ] G 3 _ 

TT] BP 

(BACKPLANE) 


OSC^ [T 
OSC 2 [7 
OSC 3 [X 
TEST [T 

''ref CH 
''ref 
^REF [7 

^REF [H 
ANALOG n^- 
COMMON L-^ 

VJjX 
vrN[j_ 
^AZ DE 
Vbuff m 
Vint QI 

V" [X 

I G 2 []I 

I C 3 [17 

100’s ^ ,- 

A 3 [IF 

_ GoQF 

BP [ 2 F 
(BACKPLANE) 


• 40 V+ 

REVERSE PIN 1 =^ 
CONFIGURATION ^ 


TC7136R 

TC7136AR 


XI Cl 

XlBi 

Is] Ai I's 

m Gl 

"37 El _ 

37] D2 
TT] C 2 
B2 

_, 10 s 

13*2 

m ^2 

1Z]E2 _ 

H] D3 

1EB3 

13^3 

MIE 3 _ 

17] AB4^“ 1000’s 

1T1 POL 

(MINUS SIGN) 


NC = NO INTERNAL CONNECTION 


1-193 




LOW POWER, 3-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTERS 


TC7136 

TC7136A 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (V+ to V")...+15V 

Analog Input Voltage (Either Input) (Note 1 ).V+ to V" 

Reference Input Voltage (Either Input).V"*" to V" 

Clock Input.TEST to V+ 

Power Dissipation (Note 2 ) 

CerDIP(J).1000 mW 

Plastic DIP (P).800 mW 

Flat Package (K, L).500 mW 

Operating Temperature Range 

C Devices. 0 °C to +70°C 

I Devices... -25°C to +85°C 


Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 60 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vs = 9V, fcLK = 16 kHz, and Ta = +25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 


Zero Input Reading 

V,N = 0V 

Full Scale = 200 mV 

- 000.0 

± 000.0 

-fOOO.O 

Digital 

Reading 


Zero Reading Drift 

V|N = OV, 0 °C ^ Ta < +70°C 

— 

0.2 

1 

pV/°C 


Ratiometric Reading 

V|N = Vref, Vref = 100 mV 

999 

999/1000 

1000 

Digital 

Reading 

NL 

Nonlinearity Error 

Full Scale = 200 mV or 2V 

Max Deviation From Best 

Straight Line 

-1 

± 0.2 

1 

Count 


Roll-Over Error 

-ViN = -i-ViN « 200 mV 

-1 

± 0.2 

1 

Count 

©N 

Noise 

V|N = OV, Full Scale = 200 mV 

— 

15 

— 

< 

-p 

TI 

II 

Input Leakage Current 

< 

o 

< 

— 

1 

10 

pA 

CMRR 

Common-Mode Rejection 

Ratio 

VcM = ±1V.V,N = 0V, 

Full Scale = 200 mV 

— 

50 

— 

pVA/ 


Scale Factor Temperature 
Coefficient 

ViN = 199 mV, 0 °C ^ Ta ^ +70°C 

Ext Ref Temp Coeff = 0 ppm/°C 

— 

1 

5 

ppm/°C 

Analog Common 

VcTC 

Analog Common 

250 kn Between Common and V"^ 






Temperature Coefficient 

0 °C ^ Ta ^ +70°C TC7136A 

"C Commercial Temp TC7136 

Range Devices 

— 

35 

70 

75 

150 

ppm/°C 

ppm/°C 



-25«C ^ Ta ^ +85"C TC7136A 

— 

35 

100 

ppm/°C 



“I" Industrial Temp TC7136 

Range Devices 

— 

70 

150 

ppm/°C 

Vc 

Analog Common Voltage 

250 kW Between Common and V+ 

2.7 

3.05 

3.35 

V 

LCD Drive 

VsD 

LCD Segment Drive Voltage 

V+to V-=9V 

4 

5 

6 

Vp.p 

Vbd 

LCD Backplane Drive Voltage 

V+to V-=9V 

4 

5 

6 

Vp.p 

Power Supply 

•s 

Power Supply Current 

V|N = OV, V+ to V- = 9V (Note 6 ) 


1 

1 100 

1 pA 


NOTES: 


1 . Input voltages may exceed supply voltages when input current is limited to 100 pA. 

2 . Dissipation rating assumes device is mounted with all leads soldered to PC board. 

3. Refer to "Differential Input" discussion. 

4. Backplane drive is in-phase with segment drive for "off" segment and 180° out-of-phase for “on" segment. Frequency is 20 times 
conversion rate. Average DC component is less than 50 mV. 

5. See "Typical Operating Circuit". 

6 . A 48 kHz oscillator increases current by 20 pA (typical). Common current not included. 
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PIN DESCRIPTION 


40-Pln DIP 
Pin Number 


Normal 

(Reverse) 

Name 

Description 

1 

(40) 


Positive supply voltage. 

2 

(39) 

Di 

Activates the D section of the units display. 

3 

(38) 

Ci 

Activates the C section of the units display. 

4 

(37) 

Bi 

Activates the B section of the units display. 

5 

(36) 

Ai 

Activates the A section of the units display. 

6 

(35) 

Fi 

Activates the F section of the units display. 

7 

(34) 

Gi 

Activates the G section of the units display. 

8 

(33) 

Ei 

Activates the E section of the units display. 

9 

(32) 

D2 

Activates the D section of the tens display. 

10 

(31) 

C2 

Activates the C section of the tens display. 

11 

(30) 

B2 

Activates the B section of the tens display. 

12 

(29) 

A2 

Activates the A section of the tens display. 

13 

(28) 

F2 

Activates the F section of the tens display. 

14 

(27) 

E2 

Activates the E section of the tens display. 

15 

(26) 

D3 

Activates the D section of the hundreds display. 

16 

(25) 

B3 

Activates the B section of the hundreds display. 

17 

(24) 

F3 

Activates the F section of the hundreds display. 

18 

(23) 

E3 

Activates the E section of the hundreds display. 

19 

(22) 

AB 4 

Activates both halves of the 1 in the thousands display. 

20 

(21) 

POL 

Activates the negative polarity display. 

21 

(20) 

BP 

Backplane drive output. 

22 

(19) 

G3 

Activates the G section of the hundreds display. 

23 

(18) 

A3 

Activates the A section of the hundreds display. 

24 

(17) 

C3 

Activates the C section of the hundreds display. 

25 

(16) 

G 2 

Activates the G section of the tens display. 

26 

(15) 

V- 

Negative power supply voltage. 

27 

(14) 

Vint 

The integrating capacitor should be selected to give the maximum voltage swing that 


ensures component tolerance build-up will not allow the integrator output to saturate. 
When analog common is used as a reference and the conversion rate is 3 readings 
per second, a 0.047 \xf capacitor may be used. The capacitor must have a low 
dielectric constant to prevent roll-over errors. See Integrating Capacitor section for 
additional details. 


28 

(13) 

Vbuff 

Integration resistor connection. Use a 180 kO for a 200 mV full-scale range and a 

1.8 MQ for 2V full-scale range. 

29 

(12) 

Caz 

The size of the auto-zero capacitor influences the system noise. Use a 0.47 pF 
capacitor for a 200 mV full scale, and a 0.1 pF capacitor for a 2V full scale. See 
paragraph on Auto-Zero Capacitor for more details. 

30 

(11) 

V,N- 

The low input signal is connected to this pin. 

31 

(10) 

Vin" 

The high input signal is connected to this pin. 

32 

(9) 

ANALOG 

COMMON 

This pin is primarily used to set the analog common-mode voltage for battery opera¬ 
tion or in systems where the input signal is referenced to the power supply. See 
paragraph on Analog Common for more details. It also acts as a reference voltage 
source. 

33 

(8) 

Gref" 

See pin 34. 
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PIN DESCRIPTION (Cont.) 


40-Pin DIP 
Pin Number 


Normal 

(Reverse) 

Name 

Description 

34 

(7) 

Cref"^ 

A 0.1 |xF capacitor is used in most applications. If a large common-mode voltage 
exists (for example, the Vin~ pin is not at analog common), and a 200 mV scale is 
used, a 1 pF capacitor is recommended and will hold the roll-over error to 0.5 count. 

35 

(6) 

Vref" 

See pin 36. 

36 

(5) 

Vref" 

The analog input required to generate a full-scale output (1999 counts). Place 100 mV 
between pins 35 and 36 for 199.9 mV full scale. Place IV between pins 35 and 36 for 
2V full scale. See paragraph on Reference Voltage. 

37 

(4) 

TEST 

Lamp test. When pulled high (to V'^) all segments will be turned on and the display 
should read -1888. It may also be used as a negative supply for externally-generated 
decimal points. See paragraph under Test for additional information. 

38 

(3) 

OSC 3 

See pin 40. 

39 

(2) 

OSC 2 

See pin 40. 

40 

(1) 

OSC 1 

Pins 40, 39 and 38 make up the oscillator section. For a 48 kHz clock (3 readings per 
second) connect pin 40 to the junction of a 180 kQ resistor and a 50 pF capacitor. The 

180 kO resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38. 


GENERAL THEORY OF OPERATION 


Dual-Slope Conversion Principles 

The TC7136A is a dual-slope, integrating analog-to- 
digital converter. An understanding of the dual-slope con¬ 
version technique will aid in following detailed TC7136A 
operational theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases; 

(1) Input signal integration 

( 2 ) Reference voltage integration (deintegration) 

The input signal being converted is integrated for a fixed 
time period (tsi), measured by counting clock pulses. An 
opposite polarity constant reference voltage is then inte¬ 
grated until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal (Iri). 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to ''ramp-up" and "ramp- 
down." 

A simple mathematical equation relates the input signal, 
reference voltage, and integration time: 


Jl_ 

RC 


f'®' V,N(t)clt= 

J Q HC 


C|NT 



FIXED VARIABLE 
SIGNAL REFERENCE 
INTEGRATE INTEGRATE 
TIME TIME 


Figure 1 Basic Dual-Slope Converter 


where; 

Vr = Reference voltage 

tsi = Signal integration time (fixed) 

tRi = Reference voltage integration time (variable). 


For a constant Vin: 


V|N = Vr 


~ tRi’ 

tsi 
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0 .1/t 1/t 10/t 

INPUT FREQUENCY 


Figure 2 Normal-Mode Rejection of Dual-Slope Converter 

The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. Noise immunity is an 
inherent benefit. Noise spikes are integrated, or averaged, 
to zero during integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes¬ 
sive approximation converters in high-noise environments. 
Interfering signals with frequency components at multiples 
of the averaging period will be attenuated. Integrating ADCs 
commonly operate with the signal integration period set to a 
multiple of the 50 Hz/60 Hz power line period. 

ANALOG SECTION 

In addition to the basic integrate and deintegrate dual¬ 
slope cycles discussed above, the TC7136 and TC7136A 
designs incorporate an "integrator output-zero cycle" and an 
"auto-zero cycle." These additional cycles ensure the inte¬ 
grator starts at OV (even after a severe overrange conver¬ 
sion) and that all offset voltage errors (buffer amplifier, 
integrator and comparator) are removed from the conver¬ 
sion. A true digital zero reading is assured without any 
external adjustments. 

A complete conversion consists of four distinct phases: 

(1) Integrator output-zero phase 

(2) Auto-zero phase 

(3) Signal integrate phase 

(4) Reference deintegrate phase 

Integrator Output-Zero Phase 

This phase guarantees the integrator output is at OV 
before the system-zero phase Is entered. This ensures that 
true system offset voltages will be compensated for even 


after an overrange conversion. The count for this phase is a 
function of the number of counts required by the deintegrate 
phase. 

The count lasts from 11 to 140 counts for non-overrange 
conversions and from 31 to 640 counts for overrange 
conversions. 

Auto-Zero Phase 

During the auto-zero phase, the differential Input signal 
is disconnected from the circuit by opening Internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero input condition. Additional 
analog gates close a feedback loop around the integrator 
and comparator. This loop permits comparator offset volt¬ 
age error compensation. The voltage level established on 
Caz compensates for device offset voltages. The auto-zero 
phase residual is typically 10 pV to 15 pV. 

The auto-zero duration is from 910 to 2900 counts for 
non-overrange conversions and from 300 to 910 counts for 
overrange conversions. 

Signal Integration Phase 

The auto-zero loop is entered and the interna! differen¬ 
tial inputs connect to Vin"^ and V|n". The differential input 
signal is integrated for a fixed lime period. The TC7136A 
signal integration period is 1000 clock periods or counts. The 
externally-set clock frequency is divided by four before 
clocking the internal counters. The integration time period is: 

tsi= 7 -^X 1000, 
tosc 

where fosc = external clock frequency. 

The differential input voltage must be within the device 
common-mode range when the converter and measured 
system share the same power supply common (ground). If 
the converter and measured system do not share the same 
power supply common, Vin" should be tied to analog com¬ 
mon. 

Polarity is determined at the end of signal integrate 
phase. The sign bit is a true polarity indication, in that signals 
less than 1 LSB are correctly determined. This allows 
precision null detection limited only by device noise and 
auto-zero residual offsets. 

Reference Integrate Phase 

The third phase is reference integrate or deintegrate. 
V|N~ is internally connected to analog common and Vjn"^ is 
connected across the previously-charged reference capaci¬ 
tor. Circuitry within the chip ensures the capacitor will be 
connected with the correct polarity to cause the Integrator 
output to return to zero. The time required for the output to 
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Figure 4 Conversion Timing During Normal Operation 



Figure 5 Conversion Timing During Overrange Operation 


return to zero is proportional to the input signal and is 
between 0 and 2000 internal clock periods. The digital 
reading displayed is 

1000 

Vref 

DIGITAL SECTION 

The TC7136A contains all the segment drivers neces¬ 
sary to directly drive a 3-1/2 digit LCD. An LCD backplane 
driver is included. The backplane frequency is the external 
clock frequency divided by 800. For three conversions per 
second the backplane frequency is 60 Hz with a 5V nominal 
amplitude. When a segment driver is in-phase with the 
backplane signal, the segment is "OFF." An out-of-phase 
segment drive signal causes the segment to be "ON," or 
visible. This AC drive configuration results in negligible DC 
voltage across each LCD segment, ensuring long LCD life. 
The polarity segment driver Is "ON" for negative analog 
inputs. If ViN"^ and Vin" are reversed, this Indicator would 
reverse. 

On the TC7136A, when the test pin is pulled to V"^, all 
segments are turned "ON." The display reads -1888. During 
this mode the LCD segments have a constant DC voltage 
impressed. Do not leave the display in this mode for more 


than several minutes. LCDs may be destroyed If operated 
with DC levels for extended periods. 

The display font and segment drive assignment are 
shown in Figure 6. 



Figure 6 Display FONT and Segment Assignment 


System Timing 

The oscillator frequency is divided by 4 prior to clocking 
the internal decade counters. The four-phase measurement 
cycle takes a total of 4000 counts, or 16,000 clock pulses. The 
4000-count cycle is independent of input signal magnitude. 

Each phase of the measurement cycle has the following 
length: 

(1) Auto-zero phase; 3000 to 2900 counts 

(1200 to 11,600 clock pulses) 

(2) Signal integrate: 1000 counts 

(4000 clock pulses) 

This time period is fixed. The integration period is: 

tsi = 4000 , 

josc_ 

where fosc is the externally-set clock frequency. 

(3) Reference integrate: 0 to 2000 counts 

(4) Zero Integrator: 11 to 640 counts 

The TC7136 is a drop-in replacement for the TC7126 
and 1CL7126. The TC7136A offers a greatly-improved inter¬ 
nal reference temperature coefficient. Minor component 
value changes are required to upgrade existing designs and 
improve the noise performance. 

COMPONENT VALUE SELECTION 
Auto-Zero Capacitor (Caz) 

The Caz capacitor size has some influence on system 
noise. A 0.47 pF capacitor is recommended for 200 mV full- 
scale applications where 1 LSB Is 100 pV. A 0.1 pF capacitor 
is adequate for 2V full-scale applications. A Mylar-type 
dielectric capacitor is adequate. 
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Reference Voltage Capacitor (Cref) 

The reference voltage used to ramp the integrator 
output voltage back to zero during the reference integrate 
phase is stored on Cref- A 0.1 pF capacitor is acceptable 
when Vref~ is tied to analog common. If a large common¬ 
mode voltage exists (Vref“ ^ analog common) and the 
application requires a 200 mV full scale, Increase Cref to 
1 pF. Roll-over error will be held to less than 0.5 count. A 
Mylar-type dielectric capacitor is adequate. 

Integrating Capacitor (Cint) 

C|nt should be selected to maximize integrator output 
voltage swing without causing output saturation. Analog 
common will normally supply the differential voltage refer¬ 
ence this case, a ±2V full-scale integrator output swing is 
satisfactory. For 3 readings per second (fosc = 48 kHz) a 
0.047 pF value is suggested. For one reading per second, 
0.15 pF is recommended. If a different oscillator frequency 
is used, Cint niust be changed In inverse proportion to 
maintain the nominal ±2V integrator swing. 

An exact expression for Cint is: 

Vint 

where: fosc = Clock frequency at pin 38 
Vfs = Full-scale input voltage 
Rint = Integrating resistor 
Vint = Desired full-scale integrator output swing. 

C|NT nriust have low dielectric absorption to minimize 
roll-over error. An inexpensive polypropylene capacitor is 
recommended. 

Integrating Resistor (Rint) 

The input buffer amplifier and integrator are designed 
with Class A output stages. The output stage idling current 
is 6 pA. The integrator and buffer can supply 1 pA drive 
currents with negligible linearity errors. Rint is chosen to 
remain in the output stage linear drive region, but not so 
large that PC board leakage currents induce errors. For a 
200 mV full scale, Rint is 180 kQ. A 2V full scale requires 
1.8 Ma. 


Component 

Nominal Full-Scale Voltage 

Value 

200 mV 

2V 

Caz 

0.47 

0.1 ^iF 

Rint 

180 kQ 

1.8 Mn 

Dint 

0.047 ^iF 

0.047 ^iF 


NOTE : fosc = 48 kHz (3 readings per sec). Rose = kO, Cose = 50 pF. 


Oscillator Components 

Cose should be 50 pF. Rose is selected from the 
equation: 

4 _ 0.45 

" “RC" ■ 

Note that fosc is 4 to generate the TC7136A's internal 
clock. The backplane drive signal is derived by dividing fosc 
by 800. 

To achieve maximum rejection of 60 Hz noise pickup, 
the signal integrate period should be a multiple of 60 Hz. 
Oscillator frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 
40 kHz, 33-1/3 kHz, etc. should be selected. For 50 Hz 
rejection, oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 
kHz, 50 kHz, 40 kHz, etc. would be suitable. Note that 
40 kHz (2.5 readings per second) will reject both 50 Hz and 
60 Hz (also 400 Hz and 440 Hz). 

Reference Voltage Selection 


A full-scale reading (2000 counts) requires the input 
signal be twice the reference voltage. 


Required Full-Scale Voltage* 

Vref 

200 mV 

100 mV 

2V 

IV 


*Vfs = 2 Vref- 

In some applications, a scale factor other than unity may 
exist between a transducer output voltage and the required 
digital reading. Assume, for example, a pressure transducer 
output for 2000 Ib/in.^ is 400 mV. Rather than dividing the 
Input voltage by two, the reference voltage should be set to 
200 mV. This permits the transducer input to be used 
directly. 

The differential reference can also be used when a 
digital zero reading is required when V|n is not equal to zero. 
This is common in temperature measuring instrumentation. 
A compensating offset voltage can be applied between 
analog common and V|n“. The transducer output is con¬ 
nected between Vin"^ and analog common. 

DEVICE PIN FUNCTIONAL DESCRIPTION 
Differential Signal inputs 
ViN+ (Pin 31), ViN" (Pin 30) 

The TC7136A is designed with true differential inputs 
and accepts input signals within the input stage common¬ 
mode voltage range (Vcm)- The typical range is V+ -1V to V“ 
-f1 V. Common-mode voltages are removed from the system 
when the TC7136A operates from a battery or floating power 
source (isolated from measured system), and Vin~ is con¬ 
nected to analog common (Vcom)- (See Figure 7.) 
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Figure 7 Common-Mode Voltage Removed in Battery Operation With Vin = Analog Common 


In systems where common-mode voltages exist, the 
86 dB common-mode rejection ratio minimizes error. Com¬ 
mon-mode voltages do, however, affect the integrator out¬ 
put level. A worst-case condition exists if a large positive 
VcM exists in conjunction with a full-scale negative differen¬ 
tial signal. The negative signal drives the integrator output 
positive along with Vcm (see Figure 8.) For such applica¬ 
tions, the integrator output swing can be reduced below the 
recommended 2V full-scale swing. The integrator output 
will swing within 0.3V of V**" or V" without increased 
linearity error. 

Differential Reference 

VREF*(Pin36), VREF-(Pin 35) 

The reference voltage can be generated anywhere 
within the to V“ power supply range. 

To prevent roll-over type errors being Induced by large 
common-mode voltages, Cref should be large compared to 
stray node capacitance. 



Figure 8 Common-Mode Voltage Reduces Available Integrator 
Swing (Vcom ^ Vin) 


The TC7136A offers a significantly improved analog 
common temperature coefficient. This potential provides a 
very stable voltage, suitable for use as a voltage reference. 
The temperature coefficient of analog common is typically 
35 ppm/®C. 

ANALOG COMMON (Pin 32) 

The analog common pin is set at a voltage potential 
approximately 3V below V'^. The potential is guaranteed to 
be between 2.7V and 3.35V below V'^. Analog common is 
tied Internally to an N-channel FET capable of sinking 
lOOjxA. This FET will hold the common line at 3V below V^ 
If an external load attempts to pull the common line toward 
V"^. Analog common source current is limited to 1 pA. Analog 
common is therefore easily pulled to a more negative 
voltage (i.e., below V+ -3V). 

The TC7136A connects the internal Vin"^ and Vin" in¬ 
puts to analog common during the auto-zero phase. During 
the reference-integrate phase, V|n“ is connected to analog 
common. If Vin~ is not externally connected to analog 
common, a common-mode voltage exists, but is rejected by 
the converter's 86 dB common-mode rejection ratio. In 
battery operation, analog common and V|n" are usually 
connected, removing common-mode voltage concerns. In 
systems where Vin" is connected to the power supply 
ground or to a given voltage, analog common should be 
connected to Vin". 

The analog common pin serves to set the analog sec¬ 
tion reference, or common point. The TC7136A is specifi¬ 
cally designed to operate from a battery or in any measure¬ 
ment system where Input signals are not referenced (float) 
with respect to the TC7136A power source. The analog 
common potential of -3V gives a 7V end of battery life 
voltage. The common potential has a 0.001%/% voltage 
coefficient. 
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With sufficiently high total supply voltage (V+-V~ >7V), 
analog common is a very stable potential with excellent 
temperature stability (typically 35 ppm/°c). This potential 
can be used to generate the TC7136A's reference voltage. 
An external voltage reference will be unnecessary in most 
cases because of the 35 ppm/°C temperature coefficient. 
See TC7136A Internal Voltage Reference discussion. 

TEST (Pin 37) 

The test pin potential is 5V less than V^. Test may be 
used as the negative power supply connection for external 
CMOS logic. The test pin is tied to the internally-generated 
negative logic supply through a 500^2 resistor. The test pin 
load should not be more than 1 mA. See the Applioations 
Section for additional information on using test as a negative 
digital logio supply. 

If test is pulled high (to V+), all segments plus the minus 
sign will be activated. Do not operate in this mode for more 
than several minutes. With Test = V+, the LCD segments are 
impressed with a DC voltage which will destroy the LCD. 

TC7136A Internal Voltage Reference 

The TC7136 analog common voltage temperature sta¬ 
bility has been significantly improved (Figure 9). The "A" 
version of the industry-standard TC7136 device allows 
users to upgrade old systems and design new systems 
without external voltage references. External R and C val¬ 
ues do not need to be changed; however, noise perfor¬ 
mance will be improved by increasing Caz- (See Auto-Zero 
Capacitor section.) Figure 10 shows analog common sup¬ 
plying necessary voltage reference for the TC7136A. 
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Figure 9 Analog Common Temperature Coefficient 


9V 



Figure 10 TC7136A Internal Voltage Reference Connection 


APPLICATIONS INFORMATION 
Liquid Crystal Display Sources 


Several manufacturers supply standard LCDs to inter¬ 
face with the TC7136A 3-1/2 digit analog-to-digital con¬ 
verter_ _ 


Manufacturer 

Address/Phone 

Representative 
Part Numbers* 

Crystaloid 

Electronics 

5282 Hudson Dr., 
Hudson, OH 44236 
218-655-2429 

C5335, H5535, 
T5135, SX440 

AND 

770 Airport Blvd., 
Burlingame, CA 94010 
415-347-9916 

FE 0801, 

FE 0203 

VGI, Inc. 

1800 Vernon St., Ste. 2 
Roseville, CA 95678 
916-783-7878 

11048, 11126 

Hamlin, Inc. 

612 E. Lake St., 

Lake Mills, Wl 53551 
414-648-2361 

3902, 3933, 3903 


‘NOTE: Contact LCD manufacturer for full product listing/specifications. 


Decimal Point and Annunciator Drive 

The test pin is connected to the internally-generated 
digital logic supply ground through a 500^2 resistor. The test 
pin may be used as the negative supply for external CMOS 
gate segment drivers. LCD annunciators for decimal points, 
low battery indication, or function indication may be added 
without adding an additional supply. No more than 1 mA 
should be supplied by the test pin. The test pin potential is 
approximately 5V below V+. 


1-202 







LOW POWER, 3-1/2 DIGIT 
ANALOG-TO-DIGITAL CONVERTERS 

TC7136 

TC7136A 


Ratiometric Resistance Measurements 


The TC7136A's true differential input and differential 
reference make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately-defined 
reference voltage is needed. 

The unknown resistance is put in series with a known 
standard and a current passed through the pair. The voltage 
developed across the unknown is applied to the input and 
the voltage across the known resistor applied to the refer¬ 
ence input. If the unknown equals the standard, the display 
will read 1000. The displayed reading can be determined 
from the following expression: 


Displayed reading = 


Runknown ^.,000 
Rstandard 


The display will overrange for Runknown ^ 2xRstandard- 


Simple Inverter for Fixed Decimal Point 
or DisplayAnnunciator 


v+ 


TC7136 

TC7136A 

BP 


TEST 


_|v+_ 

I ' 

* 4049 , 


37 




TO LCD 

DECIMAL 

POINT 


TO LCD 
-O BACK¬ 
PLANE 


Multiple Decimal Point or 
Annunciator Driver 



TC7136 

TC7136A 


TEST 


DECIMAL 

POINT 

SELECT 



TO LCD 

DECIMAL 

POINTS 


Figure 11 Decimal Point and Annunciator Drives 



Figure 12 Low Parts Count Ratiometric Resistance 
Measurement 
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Figure 13 Temperature Sensor 
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Figure 14 Positive Temperature Coefficient Resistor 
Temperature Sensor 
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^N^TELEDYNE 

COMPONENTS 


TC8750 


3-1/2 DIGIT ANALOG-TO-DIGITAL CONVERTER 
WITH PARALLEL BDC OUTPUT 


FEATURES 

■ High Accuracy, 3-1/2 Digit Resolution With 
<±0.025% Error 

■ Military Temperature Range Devices 

■ Monotonic Performance 
— No Missing Codes 

■ Monolithic CMOS Construction Gives Low Power 

Dissipation.20 mW Typ 

■ Contains All Required Active Elements 

— Needs Only Passive Support Components, 
Reference Voltage, and Dual Power Supplies 


■ High Stability Over Full Temperature Range 

— Gain Temperature Coefficient ...<25 ppm/°C Typ 

— Zero Drift..<30 |iV/°C Typ 

— Differential Nonlinearity Drift ...<2.5 ppm/°C Typ 

■ Latched Parallel BDC Outputs 

■ LPTTL and CMOS Compatible Outputs and 
Control Inputs 

■ Strobed or Free-Running Conversion 

■ Infinite Input Range 

— Any Positive Voltage Can Be Applied via a 
Scaling Resistor 


TEST CIRCUIT 


0.1 ,F 



1098-1 
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ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Vdd = +5V, Vss = -5V, Vqnd = OV, 
Vref = -6.4V, Rbias = 100 kQ, test circuit shown. Ta = +25°C unless full temperature range is specified 
(-55°C to +125°C for MH package, -40°C to +&5°C for EH package, 0° to -i-70°C for CP package). 


Parameter 

Definition 

Conditions 

Min 

Typ 

CP/EH 

Max 

MH 

Max 

Unit 

Accuracy 

Resolution 

Accuracy 

BCD Word Length 
of Digital Output 


3-1/2 

(1999 Counts) 

— 

— 

— 

Digits 

Relative 

Accuracy 

Output Deviation From 
Straight Line Between 
Normalized Zero and 
Full-Scale Input 




0.025 

0.025 

% 

Differential 

Nonlinearity 

Deviation From 1 LSB 
Between Transition Points 


— 

— 

— 

0.025 

% 

Differential 
Nonlinearity 
Temperature Drift 

Variation in Differential 
Nonlinearity Due to 
Temperature Change 

Full Temperature 

Range 


±2.5 

±5 

±5 

ppm/°C 

Gain Variance 

Variation From Exact 
(Compensate By Trimming 
Rin or Rref) 



±2 

±5 

±5 

% of 
Nominal 

Gain Temperature 
Drift 

Variation In A Due to 
Temperature Change 

Full Temperature 

Range 

— 

±25 

±75 

±80 

ppm/°C 

Zero Offset 

Correction at Zero Adjust 
to Give Zero Output 

When Input is Zero 

l|N = 0 


±10 

±50 

±50 

mV 

Zero Temperature 
Drift 

Variation in Zero Offset 

Due to Temperature 

Change 

Full Temperature 

Range 


±3 

±5 

±8 

ppm/°C 

Analog Input (See Note) 

liN Full Scale 

Full-Scale Analog Input 
Current to Achieve 

Specified Activity 



10 



pA 

Iref 

Reference Current Input to 
Achieve Specified Accuracy 


— 

-20 

— 

— 

pA 

Digital Input 

V|N<'> 

Logical "! " Input Threshold 
Current to Achieve 

Specified Activity 



10 



pA 

V|N«» 

Logical “0” Input Threshold 
for Initiate Conversion Input 

Full Temperature 

Range 

— 

— 

1.5 

1.5 

V 

Digital Output 

VoUT<'> 

Logical “1” Output Voltage 
for Digits Out, Busy, and 

Data Valid Outputs 

Full Temperature Range 
louT = -10 p-A 

Iqut = -500 pA 

4.5 




V 

VoUT^°^ 

Logical “0” Output Voltage 
for Digits Out, Busy, and 

Data Valid Outputs 

Full Temperature Range 

Vdd = 4.75V 
louT = 500 pA 



0.4 

0.4 

V 

Dynamic 

Conversion Time 

Time Required to Perform 
One Complete A/D 
Conversion 

Full Temperature 

Range 


10 

12 

12 

ms 
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ELECTRICAL CHARACTERISTICS (Cont.) 







CP/EH 

MH 


Parameter 

Definition 

Conditions 

Min 

Typ 

Max 

Max 

Unit 


Dynamic (Cont.) 


Conversion 


V|NT CONV = +5V 

84 

100 

— 

— 

Conv 

Rate in 







per 

Free-Run Mode 







sec 

Minimum Pulse 


Full Temperature 

500 

— 

— 

— 

ns 

Width for 


Range 






Initiate Conversion 








Supply Current 

Iqd Quiescent 








(H Package) 

Current Required From 

Full Temperature 

— 

1.4 

2.5 

3.5 

mA 


Positive Supply During 

Range 






(P Package) 

Operation 

Vint CONV = OV 

— 

1.4 

5 


mA 

Iss Quiescent 








(H Package) 

Current Required From 

Full Temperature 

— 

-1.6 

-2.5 

-3.5 

mA 


Negative Supply During 

Range 






(P Package) 

Operation 

Vint CONV = OV 

— 

-1.6 

-5 


mA 

Supply Sensitivity 

Change in Full-Scale Gain 

Vdd ± 1V, Vss ±1V 

— 

±0.5 

±1 

±1 

%/V 


vs Supply Voltage Change 







1VddI = 1Vss 1 

Change in Full-Scale Gain 


±0.05 

±0.1 

±0.1 

±0.1 

%/V 

= 5V±1V 

vs Supply Voltage Change 








for Tracking Supplies 








NOTE: I|N and Iref pins connect to the summing junction of an operational amplifier. Voltage sources cannot be attached directly but must be 
buffered by external resistors. See Test Circuit. 


CIRCUIT DESCRIPTION 

During conversion, the sum of a continuous current (I|n) 
and pulses of a reference current (Iref) are integrated for a 
fixed number of clock periods. Iin is proportional to the 
analog Input voltage; Iref is switched in for exactly one clock 
period just frequently enough to maintain the summing input 
of the integrator near zero. Thus, the charge from the 
continuous Iin current is balanced against the pulses of Iref 
current. The total number of Iref pulses needed during the 
conversion period to maintain the charge is counted and the 
result (in BCD) is latched Into the outputs at the end of 
conversion. 

The conversion contains two counters and a clock, in 
addition to an operational amplifier, comparator, latching, 
output buffers, and housekeeping logic. One counter is a 
clock counter which (after a reset pulse) starts counting 
clock pulses; when the required count is reached, the clock 
counter generates a pulse to start the end-of-converslon 
routine. 


The other counter Is a data counter, which is reset 
synchronously with the clock counter and counts the num¬ 
ber of times Iref is switched into the summing input of the 
amplifier during the period defined by the clock counter. 

When the Initiate Conversion Input is strobed with a 
positive signal, the busy line latches high and a 10 ps (times 
given are appropriate) start-up cycle begins. The integrating 
capacitor is discharged and both counters are reset during 
this start-up period. Conversion begins at the end of the 
reset pulse and ends with a pulse generated by the clock 
counter or by an overflow condition in the data counter. This 
pulse disables further inputs into both counters and triggers 
a 10 ps shutdown cycle. During the shutdown cycle. Data 
Valid goes low for 5 ps. This binary sequence Is shown in the 
timing diagrams. Busy is true high, and when the circuit is 
busy. Initiate Conversion has no effect and may be high or 
low. Data Valid Is also true high. The data from a conversion 
remain valid for as long as power is applied to the circuit or 
until Data Valid falls at the end of a subsequent conversion, 
at which time the output data are updated to reflect the latest 
conversion. 


1-208 





3-1/2 DIGIT ADC WITH 
PARALLEL BDC OUTPUT 


1 


TC8750 


TIMING DIAGRAMS 


Clocked Mode 


Free-Run Mode 


INITIATE ''iH 
CONVERSION y 

0—/ 



''OH 

BUSY -► 

''OL- 

Vnu_ 

/-_300ns" 50 us ^ 

TYP MIN ^ 


» 

DATA 

vaud V-, __ 


_7 


OL- 

V/*\|-| 


DIGITS 

OUT v-, _ 

,, changingI 


OL .. 

^5 MS-^I 

^ - CONVERSION TIME-► 



500 ns 
TYP 




V_X 






- CONVERSION - 
TIME 



NOTE: Rise and fall times = 200 ns typical, Cl = 50 pF. 


PIN FUNCTIONS 
Initiate Conversion Input 

Accepts CMOS and most 5V logic inputs. Applying a 
logic “1” to the Initiate Conversion pin initiates the A/D 
conversion cycle. Once conversion has been initiated, the 
cycle cannot be interrupted, and the Initiate Conversion pin 
is disabled until conversion is complete. Two modes of 
operation are permitted, clocked orfree-running. For clocked 
operation the Initiate Conversion input is held at logic “0” for 
standby and taken to logic “1 ” when a conversion is desired. 
For free-running operation the Initiate Conversion pin is 
connected to Vdd or similar permanent logic “1” voltage. 

Busy Output 

A digital status output which is compatible with CMOS 
logic and low power TTL (can sink and source 500 pA). A 
logic “1 ” output on the Busy pin indicates a conversion cycle 
is in process. A logic “1” to logic “0” transition indicates that 
conversion is complete and the result has been latched at 
the Digits Out pins. A logic “0” to logic “1 ” transition indicates 
a new conversion cycle has been initiated. If the device is 
operating in the free-running mode, the Busy output will 
remain lowforapproximately 2.5ps, marking the completion 
and initiation of consecutive conversion cycles. 

Data Valid Output 

A digital status which is compatible with CMOS logic and 
low power TTL (can sink and source 50 pA). A logic “1” 


output at the Data Valid pin indicates that the Digits Out pins 
are latched with the result of the last conversion cycle. The 
Data Valid output goes to logic “0” approximately 5 ps before 
the completion of a conversion cycle. During this 5 ps 
interval new data is being transferred to the Digits Out pins, 
and the Digits Out are not valid. 

Digits Output (1's, 10's, 100‘s, 1000's) 

The BDC digit outputs which are the result of the A/D 
conversion. These outputs are CMOS logic and low power 
TTL compatible. 

APPLICATIONS INFORMATION 
Input/Output Relationships 

The analog input voltage (V|n) is related to the output by 
the transfer equation: 

Digital Counts = 

R|N • Vref 
A = 4128 

where digital counts Is the value of the BCD output word 
presented at Digits Out pins in response to V|n. 
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The digital output code format is as follows: 


Analog Input 

Digital Output 

V|N < Full Scale 

1100110011001 

= Full Scale -1 LSB 

1100110011001 

= 1 LSB 

0 ... 000 ... 1 

<0 

0 ... 000 ... 0 


External Component Selection 

Obtaining a high-accuracy conversion system depends 
on the voltage regulation of Vref, and thermal stability of Rin 
and Rref- The exact dependence is given by the transfer 
function. Systemaccuracy also depends, to a lesser degree, 
on the voltage regulation of Vdd and Vss- Supply connec¬ 
tions Vdd and Vss should have bypass capacitors of 0.1 pF 
or larger value right at the device pins. 

Rin, Rref 

Values of these components are chosen to give a full- 
scale input current of approximately 10 pA and a reference 
current of approximately -20 pA. 

^ ViN Full Scale ^ Vref 

RiN= - — —7- RrEF« ——jr 

10 pA -20 pA 

Examples: 

Rin “ = 1 Rref ~ —~—-r = 320 kQ 

10 pA -20 pA 

Note that these values are approximations; the exact 
relationships are defined by the transfer equation. In prac¬ 
tice, the value of Rin typically would be trimmed using the 
optional gain adjust circuit to obtain full-scale output at Vin 
full scale (see adjustment procedure). Metal film resistors 
with 1% tolerance or better are recommended for high 
accuracy applications because of their thermal stability and 
low noise generation. 

Rbias 

Specifications for the TC8750 are based on Rrias = 
100 kn ±10%, unless otherwise noted. However, there are 
instances when the designer may want to change this 
resistor in order to affect the conversion time and supply 
current. By decreasing Rbias, the ADC will convert much 
faster and the supply current will be much higher (e.g., when 
Rbias = 20 kn, the conversion time is reduced by 1 /3, and the 
supply current will increase from 2 mA to 7 mA). Likewise, if 
Rbias is Increased, the conversion time will be longer and the 
supply current will be much lower, (e.g., when Rbias = 1 MQ, 


the conversion time will be six times longer, and the supply 
current is now reduced to 0.5 mA). 

For details of this relationship, refer to the typical perfor¬ 
mance curves in Application Note 9. 

Rdamp 

Exact value not critical, but should have a nominal value 
of 100^2 ±10%. Locate close to pin 14. 

Cdamp 

Exact value not critical, but should have a nominal value 
of 270 pF ±20%. Locate close to pin 14. 

Cint 

Exact value not critical, but should have a nominal value 
of 68 pF ±10%. Low leakage types are recommended, 
although mica or ceramic devices can be used in applica¬ 
tions where their temperature limits are not exceeded. 
Locate as close as possible to pins 14 and 15. 

Vref 

A negative reference voltage must be supplied. This 
may be obtained from a constant current source circuit or 
from the negative supply. 

Vdd, Vss 

Power supplies of ±5V are recommended with 0.05% 
line and load regulation and 0.1 pF decoupling capacitors. 

Adjustment Procedure 

The test circuit diagram shows optional circuits for 
trimming the zero location and full-scale gain. Because the 
digital outputs remain constant outside of the normal oper¬ 
ating range (i.e., below zero and above full scale), it is 
recommended that transition points be used in setting the 
zero and full-scale values. Recommended procedure is as 
follows: 

1. Set the initiate conversion control high to provide free- 
run operation, and verify that converter is operating. 

2. Set ViN to +1 /2 LSB and trim the zero adjust circuit to 
obtain a 000... 000... to 000... 001 transition. This 
will correctly locate the zero end. 

3. For full scale adjustment, set V|n to the full scale value 
less 1-1/2 LSB, and trim the gain adjust circuit for a 
1100110011000 to 1100110011001 transition. 

If adjustments are performed in this order, there should be 
no interaction and they should not have to be repeated. 
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(SHELLY NO. 8654-01 OR EQUIVALENT) 
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APPLICATION/DESIGN CIRCUITS (Cont.) 


Microprocessor-Based ADC System 


ANALOG 

SENSOR 

INPUTS 
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3-1/2 DIGIT ADC 

FEATURES 

■ Accuracy: ±0.05% of Reading ±1 Count 

■ Two Voltage Ranges: 1.999V and 199.9 mV 

■ Up to 25 Conversions Per Second 

■ Z,^>1000MOhms 

■ Single Positive Voltage Reference 

■ Auto-Polarity and Auto-Zero 

■ Overrange and Underrange Signals Available 

■ Operates in Auto-Ranging Circuits 

■ Uses On-Chip System Clock or External Clock 

■ Wide Supply Range: e.g., ±4.5V to ±8V 

■ Available in Surface-Mount Packages 

APPLICATIONS 

■ Portable Instruments 

■ Digital Voltmeters 

■ Digital Panel Meters 

■ Digital Scales 

■ Digital Thermometers 

■ Remote A/D Sensing Systems 

■ MPU Systems 

■ See Application Notes 19 and 21 


GENERAL DESCRIPTION 

The TCI 433 is a low power, high-performance, mono¬ 
lithic CMOS 3-1/2 digit A/D converter. The TC14433 com¬ 
bines both analog and digital circuits on a single IC, thus 
minimizing the number of external components. This dual¬ 
slope A/D converter provides automatic polarity and zero 
correction with the addition of two external resistors and two 
capacitors. The full-scale voltage range of this ratlometric IC 
extends from 199.9 millivolts to 1.999 volts. The TCI 4433B 
can operate over a wide range of power supply voltages, 
including batteries and standard 5-volt supplies. 

The TCI 4433 will interface with the TC7211A (LCD)and 
TC7212A (LED) display drivers. 

The TC14433A/B feature improved performance over 
the industry standard TCI4433. Rollover, which is the 
measurement of identical positive and negative signals, is 
guaranteed to have the same reading within one count for 
the TC14433A, and within four counts for the TC14433B. 
Power consumption of the TC14433A/B is typically 4 mW, 
approximately one-half that of the industry standard TC14433. 


BLOCK DIAGRAM 



OVERRANGE 


ANALOG GROUND 
ANALOG INPUT 


Vdd = 
Vss = 
Vee = 


PIN 24 
PIN 13 
PIN 12 


1069-1 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Value 

Unit 

DC Supply Voltage 

VootoV,, 

-0.5 to -1-18 

Vdc 

Voltage, Any Pin, 
Referenced to V^^ 

V 

-0.5 to 

Vdd+0.5 

Vdc 

DC Current Drain 

Per Pin 

1 

10 

mAdc 

Operating 

Temperature Range 


-40 to -1-85 

°C 

Storage Temperature 
Range 

^STG 

-65 to+150 



RECOMMENDED OPERATING CONDITIONS 

(V33 = 0orV,,) 


Parameter 

Symbol 

Value 

Unit 

DC Supply Voltage: 

Vpj 3 to Analog Ground 

Vdd 

+5 to +8 

Vdc 

Vpg to Analog Ground 

Vee 

-2.8 to-8 

Vdc 

Clock Frequency 

^CLK 

32 to 400 

kHz 

Zero Offset 

Co 

0.1 to ±20% 

HF 

Correction Capacitor 




Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ELECTRICAL CHARACTERISTICS 

(C, = 0.1 )iF mylar, R, = 470 kQ. at = 2V, R, = 27 kQ at V^^p = 200 mV, Cq = 0.1 |iF, R^ = 300 k^2: all voltages referenced 
to Analog Ground, pin 1.)_____ 




Voc 

< 

m 

m 

-AO^C 

25°C 

85°C 


Characteristic 

Symbol 

Vdc 

Vdc 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Unit 


Analog Input 


Rollover Error (Difference 
in reading for equal positive and 

14433A 



— 

— 

-1 

— 

+1 

— 

— 

Counts 

negative reading near 

14433B 



— 

— 

-4 

— 

+4 

— 

— 


full-scale) 

-V|^ = +V,^: 200 mV Full-Scale 

14433 



— 

— 

— 

— 

— 

— 

— 


Linearity Output Reading (Note 1) 

— 











(V„ef = 2V) 


5 

-5 

— 

— 

-0.05 

+0.05 

+0.05 

— 

— 

%rdg 

(V„,, = 200mV) 


5 

-5 

— 

— I 

-1 count 

— 

+1 count 

— 

— 


Stability Output Reading (Note 2) 












(V,= 1.99V. V„,, = 2V) 


5 

-5 

— 

— i 

— 

— 

2 

— 

— 

LSD 

(V^ = 199 mV, Vppp = 200 mV) 


5 

-5 

— 

— 

— 

— 

3 

— 

— 

LSD 

Zero Output Reading 

__ 

5 

-5 


— 

— 

0 

0 

— 

— 

LSD 

(Vx = 0V,V„,, = 2V) 












Bias Current: 












Analog Input 

— 

5 

-5 

— 

— 

— 

+20 

±100 

— 

— 

pA 

Reference Input 

— 

5 

-5 

— 

— 

— 

±20 

±100 

— 

— 

pA 

Analog Ground 

— 

5 

-5 

— 

_ 

— 

±20 

±500 

— 


pA 

Common-Mode Rejection 












(Vx= 1-4V,V„,, = 2V, 
foe =32 kHz) 


5 

-5 




65 




dB 


Digital 


Output Voltage 

(V,s = 0V) 

— Pins 14 to 23 
"0" Level 

VoE 

5 

-5 

_ 

0.05 

i 

1 

0 

1 

0.05 

_ 

0.05 

V 


"1" Level 

VoH 

5 

-5 

4.95 

— 

4.95 

5 

— 

4.95 

— 

V 

(V,3 = -5V) 

"0" Level 

VoL 

5 

-5 

— 

-4.95 

— 

-5 

-4.95 

__ 

-4.95 

V 


"1" Level 

Vo„ 

5 

-5 

4.95 

— 

4.95 

5 

— 

4.95 


V 
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1 


Characteristic 

Symbol 

Voo 


-40°C 

25°C 

85°C 

Unit 

Vdc 

Vdc 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Output Current — Pins 14 to 23 












(V3S = 0V) 












(Vqh = 4.6V) Source 

^OH 

5 

-5 

-0.25 

— 

-0.2 

-0.36 

— 

-0.14 

— 

mA 

= 0.4V) Sink 

loL 

5 

-5 

0.64 

— ! 

0.51 

0.88 

— 

0.36 

— 

mA 

(V3S = 0V) 











(V„„ = 5V) Source 

Lh 

5 

-5 

-0.62 

— 

-0.5 

-0.9 

— 

-0.35 

— 

mA 

(Vql = Sink 

'ou 

5 

-5 

1.6 

— 

1.3 

2.25 

— 

0.9 

— 

mA 

Clock Frequency (R^ = 300 kQ) 

^CLK 

5 

-5 

— 

— 

— 

66 

—- 

— 

— 

kHz 

Input Current — DU 

Id. 

5 

-5 

— 

±0.3 

— 

±0.00001 

±0.3 

— 

±1 

ma 


Power 


Quiescent Current 


5 

-5 

— 

3.7 

— 

0.4 

2 

— 

1.6 

mA 

(VoDtoV,,,l33 = 0) 14433A/B 

lo 

8 

-8 

— 

7.4 

— 

1.4 

4 

— 

3.2 

mA 

14433 

'o 

5 

-5 

— 

3.7 

— 

0.9 

2 

— 

1.6 

mA 


8 

-8 

— 

7.4 

— 

1.8 

4 

— 

3.2 

mA 

Supply Rejection 

(VodIoV^e. Iss = 0.V,,p = 2V) 

— 

5 

-5 

— 

— 

— 

0.5 

— 

— 

— 

mV/V 


NOTES: 1. Accuracy — The accuracy of the meter at full-scale is the accuracy of the setting of the reference voltage. Zero is recalculated during 
each conversion cycle. The meaningful specification is linearity. In other words, the deviation from correct reading for all inputs other 
than positive full-scale and zero is defined as the linearity specification. 

2. Three LSD stability for 200 mV scale is defined as the range that the LSD will occupy 95% of the time. 

3. Pin numbers refer to 24-pin DIP. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

Part No. 

Package 

Temperature 

Range 

TC14433AEPG 

TC14433BEPG 

TC14433EPG 

24-Pin Plastic DIP 

-40°C to +85‘’C 

TC14433EBQ 

TC14433EBQ 

60-Pin Plastic 

Flat Package: 
Formed Leads 

-40°C to -t-85°C 

TC14433EJG 

TC14433EJG 

TC14433EJG 

24-Pin CerDIP 

-40°C to +85°C 




TC14433ELI 

TC14433AELI 

28-Pin PLCC 
28-Pin PLCC 

-40“C to +85°C 
-40“C to +85°C 
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TYPICAL CHARACTERISTICS 
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(IV dd I-IV ee 0 ~ SUPPLY VOLTAGE SKEW (V) 



Figure 1. Typical Rollover Error vs Power Supply Skew 


Figure 2. Typical Quiescent Power Supply Current 
vs Temperature 



Vpg — DRAIN TO SOURCE VOLTAGE (Vdc) 
Figure 3. Typical N-Channel Sink Current at 

Voa-Vss-5Volts 



10 ko 100 ko 1 MQ 

Rjj — CLOCK FREQUENCY RESISTOR 


Figure 5. Typical Clock Frequency vs Resistor (R^,) 



0 -1 -2 -3 -4 -5 


Vpg — DRAIN TO SOURCE VOLTAGE (Vdc) 
Figure 4. Typical P-Channel Source Current at 

Voo-Vss = 5Volts 



Figure 6. Typical % Change of Clock Frequency 
vs Temperature 


CONVERSION RATE = 


CLOCK FREQUENCY 
16,400 


±1.5% 


MULTIPLEX RATE = 


CLOCK FREQUENCY 
80 
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3-1/2 DIGIT ADC 


PIN CONFIGURATIONS 


TCI 4433 
TC14433A 
TC14433B 


VagLI 
VrefE 
Vx|T 
Ri U 
R 1 /C 1 u 
CiFT 


CLK1 [10 
CLKO[n 

VeeRs 


TC14433 


Vx (max) 

Cl AV 

Vdd - Vx (max) - 0.5 
_ 1 


R 1 /C 1 

Ci[7 

NC|T 

cOi[T 

002(10 

Du|il 


> S z > o o 

[71 rri m |28l liTl liel 


TCI 4433 


[16] 

lizl 

[13 

C/) 

0 

cr 

(/} 

> 

0 

UJ 

0 


_J _l > 

o o 


WHERE; 

Rl IS IN kQ 

Vdd is the voltage at pin 24 referenced to v^g 

Vx IS THE VOLTAGE AT PIN 3 REFERENCED TO Vaq 
fcLK IS THE CLOCK FREQUENCY AT PIN 10 IN kHz 


0000 let o 

zzzzloiu > (A>OZOZZZ 

|45l[^[43ira[Til[40|[39||^[37||^[3^[3S 


NC [46 
NC (^ 

NC 
DS4 
NC [m 
DS3 
DS2 [m 
SUB [H 
DS1 [m 

Qo 

NC 

Qi 

NC |58 
NC [W 
Nclio • 


TCI 4433 


zzzOOq<32: 

> > w 


30| NC 
^ NC 
^ NC 
^ DU 
^ CO 2 
^ CO 1 

13 ci 

^ SUB 
^ R 1 /C 1 
^ NC 
^ NC 
^ Rl 
NC 
17 ] NC 
13 NC 


T 8 [T 9 T 1 T 0 ITT 12 13 T 14 15 


0^000 

z > z z z 


NOTES: 

1. NC= NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE. 

THE POTENTIAL AT THESE PINS IS APPROXIMATELY V". NO EXTERNAL CONNECTIONS SHOULD BE MADE. 





TC14433 

TC14433A 

TC14433B 


3-1/2 DIGIT ADC 


PIN DESCRIPTIONS 


Pin No. 
60-Pin 
FP 

Pin No. 
24-Pin 
DIP 

Symbol 

Description 

7 

1 

V.0 

This is the analog ground; it has a high input impedance — This pin determines the reference level 
for the unknown input voltage (VJ and the reference voltage (V^^p). 

10 

2 


Reference voltage — Full-scale output is equal to the voltage applied to Vp,pp. Therefore, full-scale 
voltage of 1.999V requires 2V reference and 199.9 mV full-scale requires a 200 mV reference. 

Vppp functions as system reset also. When switched to V^^, the system is reset to the beginning 
of the conversion cycle. 

12 

3 

Vx 

The unknown input voltage (VJ is measured as a ratio of the reference voltage (V^pp) in a 
ratiometric A/D conversion. 

19 

4 

Ri 

These pins are for external components used for the integration function in the dual slope 
conversion. Typical values are 0.1 p,F (mylar) capacitor for C^. 

22 

5 

R,/Ci 

R^ = 470 kQ (resistor) for 2V full-scale. 

24 

6 

c, 

R^ = 27 kQ (resistor) for 200 mV full-scale. 

Clock frequency of 66 kHz gives 250 ms conversion time. See equation below for calculation 
of integrator component values. 

25 

7 

CO, 

These pins are used for connecting the offset correction capacitor. The recommended value 

26 

8 

CO, 

is 0.1 pF. 

27 

9 

DU 

Display update input pin — When DU is connected to the EOC output every conversion is 


displayed. 

New data will be strobed into the output latches during the conversion cycle if a positive edge is 
received on DU prior to the ramp-down cycle. When this pin is driven from an external source, the 
voltage should be referenced to V^g. 


34 

36 

10 

11 

CLK^ 

CLK„ 

Clock input pins — The TCI 4433 has its own oscillator system clock. Connecting a single 
resistor between CLK, and CLK^ sets the clock frequency. 

A crystal or OC circuit may be inserted in lieu of a resistor for improved stability. CLK,, the clock 
input, can be driven from an external clock source, which need only have standard CMOS output 
drive. This pin is referenced to V^^for external clock inputs. A 300 k^i resistor yields a clock 
frequency of about 66 kHz. (See typical characteristic curves; see Figure 9 for alternate circuits.) 

37 

12 

Ve. 

Negative power current — Connection pin for the most negative supply. Please note the current 
for the output drive circuit is returned through Vgg. Typical supply current is 0.8 mA. 

39 

13 

Vs. 

Negative power supply for output circuitry — This pin sets the low voltage level for the output pins 
(BCD, Digit Selects, EOC, OR). When connected to analog ground, the output voltage is from 
analog ground to V^^^. If connected to V^^, the output swing is from V^^ to V^^. The recommended 
operating range for Vgg is between the V^^^ -3 volts and V^^. 

40 

14 

EOC 

End of conversion output generates a pulse at the end of each conversion cycle. This generated 
pulse width is equal to one-half the period of the system clock. 

41 

15 

OR 

Overrange pin — Normally this pin is set high. When V^ exceeds V^^^ the OR pin is low. 

49 

16 

DS, 

Digit select pins — The digit select output goes high when the respective digit is selected. The 

MSD (1/2 digit) turns on Immediately after an EOC pulse. 

51 

17 

DS. 

The remaining digits turn on in sequence from MSD to LSD. 

52 

18 

DS, 

To ensure that the BCD data has settled, an inter-digit blanking time of two clock periods is 
included. 

54 

19 

DS, 

Clock frequency divided by 80 equals multiplex rate. For example, a system clock of 60 kHz gives 
a multiplex rate of 0.8 kHz. 

5 

20 

Q. 

See Figure 12 for digit select timing diagram. 

4 

21 

Q, 

BCD data output pins — Multiplexed BCD outputs contain three full digits of information during 
digit select DS^, DSg, DS,,. 

57 

22 

Q. 

During DS,, the 1/2 digit, overrange, underrange and polarity information is available. 

55 

23 

Qs 

Refer to truth table. 

6 

24 

Vco 

Positive power supply — This Is the most positive power supply pin. 
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CIRCUIT DESCRIPTION 

The TC14433 CMOS IC becomes a modified dual¬ 
slope A/D with a minimum of external components. This IC 
has the customary CMOS digital logic circuitry, as well as 
CMOS analog circuitry. It provides the user with digital 
functions (such as counters, latches, multiplexers) and 
analog functions (such as operational amplifiers and com¬ 
parators) on a single chip. 

Features of this system include auto-zero, high Input 
impedances and auto-polarity. Low power consumption 
and a wide range of power supply voltages are also ad¬ 
vantages of this CMOS device. The system's auto-zero 
function compensates for the offset voltage of the internal 
amplifiers and comparators. In this "ratiometric system," the 
output reading Is the ratio of the unknown voltage to the 
reference voltage, where a ratio of 1 is equal to the maximum 
count of 1999. It takes approximately 16,000 clock periods 
to complete one conversion cycle. Each conversion cycle 
may be divided into 6 segments. Figure 7 shows the 
conversion cycle in 6 segments for both positive and nega¬ 
tive inputs. 

Segment 1 — The offset capacitor (C^), which com¬ 
pensates for the input offset voltages of the buffer and 
integrator amplifiers, is charged during this period. How¬ 
ever, the integrator capacitor is shorted. This segment 
requires 4000 clock periods. 

Segment 2 — During this segment, the integrator out¬ 
put decreases to the comparator threshold voltage. At this 
time, a number of counts equivalent to the input offset 
voltage of the comparator is stored in the offset latches for 
later use in the auto-zero process. The time forthis segment 
is variable and less than 800 clock periods. 




Figure 8. Equivalent Circuit Diagrams of the Analog 

Section During Segment 4 of the Timing Cycle 


(A) Crystal Oscillator Circuit 


(B) LC Oscillator Circuit 




Figure 9. Alternate Oscillator Circuits 
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Segment 3 — This segment of the conversion cycle is 
the same as Segment 1. 

Segment 4 —Segment 4 is an up-going ramp cycle with 
the unknown Input voltage (V^) as the input to the integrator. 
Figure 8 shows the equivalent configuration of the analog 
section of the TC14433. The actual configuration of the 
analog section is dependent upon the polarity of the input 
voltage during the previous conversion cycle. 

Segment 5 — This segment is a down-going ramp 


period with the reference voltage as the input to the Integra¬ 
tor. Segment 5 of the conversion cycle has a time equal to 
the number of counts stored in the offset storage latches 
during Segment 2. As a result, the system zeros automati¬ 
cally. 

Segment 6 — This is an extension of Segment 5. The 
time period for this portion Is 4000 clock periods. The results 
of the A/D conversion cycle are determined In this portion of 
the conversion cycle. 





*R i = 470 ka FOR 2V RANGE 
R1 = 27 kil FOR 200 mV RANGE 
**MYLAR CAPACITOR 


Figure 10. 3-1/2 Digit Voltmeter Common-Anode Displays, Flashing Overrange 
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Figure 11. 3-1/2 Digit Voltmeter with LCD Display 


1/2 CLOCK CYCLE 


= 16,400 CLOCK CYCLES 
BETWEEN EOC PULSES 


2 CLOCK 
CYCLES 


Figure 12. Digit Select Timing Diagram 
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APPLICATIONS INFORMATION 

Figure 10 is an example of a 3-1/2 digit voltmeter using 
the TCI4433 with common-anode displays. This system 
requires a 2.5V reference. Full-scale may be adjusted to 
1.999V or 199.9 mV. Input overrange is indicated by flashing 
a display. This display uses LEDs with common anode digit 
lines. Power supply for this system is shown as a dual ±5V 
supply; however, the TCI4433 will operate over a wide 
voltage range (see recommended operating conditions, 
page 2). 

The circuit in Figure 11 shows a 3-1/2 digit LCD 
voltmeter. The 14024B provides the low frequency square 
wave signal drive to the LCD backplane. Dual power 
supplies are shown here; however, one supply may be 
used when Vgg is connected to V^^. In this case, V^^ rhust 
be at least 2.8V above V^^. 

When only segments b and c of the decoder are 
connected to the 1/2 digit ofthedisplay,4,0,7and3appear 
as 1. 

The overrange indication (Qg = 0 and = 1) occurs 
when the count is greater than 1999; e.g., 1.999V for a 
reference of 2V. The underrange indication, useful for auto¬ 
ranging circuits, occurs when the count is less than 180; 
e.g., 0.180V for a reference of 2V. 

CAUTION 

If the most significant digit is connected to a 
display other than a "1" only, such as a full 
digit display, segments other than b and c must 
be disconnected. The BCD to 7-segment 
decoder must blank on BCD inputs 1010 to 1111. 


Figure 14 is an example of a 3-1/2 digit LED voltmeter 
with a minimum of external components (only 11 additional 
components). In this circuit, the 1451 IB provides the 
segment drive and the 75492 or 1413 provides sink for digit 
current. Display is blanked during the overrange condition. 


TRUTH TABLE 


Coded Condition 
of MSD 

Q, 

Q. 

Q, 

Qo 

BCD to 7-Segment 
Decoding 

+0 

1 

1 

1 

0 


Blank 

-0 

1 

0 

1 

0 


Blank 

+0 UR 

1 

1 

1 

1 


Blank 

-OUR 

1 

0 

1 

1 


Blank 

+^ 

0 

1 

0 

0 

4-1 

Hook up 

-1 

0 

0 

0 

0 

0-1 

_only 

+1 OR 

0 

1 

1 

1 

7-1 

segments 

-0 OR 

0 

0 

1 

1 

3-1 

b and c 
to MSD 


NOTES: 

Qg — 1/2 digit, low for " 1 ", high for " 0 " 

— Polarity: " 1 " = positive, " 0 " = negative 
Qq — Out of range condition exists if Q,, = 1. When used in conjunction 
with Qg, the type of out of range condition is indicated; i.e., 03 = 0 
^ OR or 03 = 1 -> UR. 


DSi DS2 


MULTIPLEXED 

BCD 


DS-i DS2 


DS3 DS4 



Figure 13. Demultiplexing for TCI 4433 BCD Data 
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470K 0.1 pF 0.1 mF 


+5V 


^INPj^T 


TC04 


|ri Ryci Cl coi cojl 

Vx 

CLK1 

Vag 

CLKO 

DU 

OR 

EOC 

Qo 

TCI 4433 

Ql 

Vref 

Q 2 


Vss 


vdd 


Vee 

1 DS 4 DS 3 DS 2 DS 1 1 


For Vref = 2000V 
V: 1.999V full scale 

For Vref = 200 mV 
V: 199.9 mV full scale 
(change 470K to R = 27K 
and decimal point position) 

Peak digit current for an eight 
displayed is 7 times the segment 
current. 

*To increase segment current 
capability add two 75491 ICs 
between 14511B and Resistor 
Network. The use of the 1413 
as digit driver increases digit 
current capability over the 75492. 

**V can range between -2.8 and 
-11V. 


|1/6 75492| 
OR 
It/7 14131 



ALTERNATE OVERRANGE CIRCUIT 
WITH SEPARATED LED 


COMMON 
CATHODE 
LED DISPLAY 


Figure 14. 3-1/2 Digit Voltmeter with Low Component Count Using Common Cathode Displays 



Figure 15. TC7212A Interface to TCI 4433 3-1/2 Digit ADC 
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NOTES 



_ Section 2 

Binary A/D Converters 


2 


Display A/D Converters 

1 
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COMPONENTS 


INTEGRATING CONVERTER ANALOG PROCESSORS 


FEATURES 

■ Resolution.Up to 16 Bits + Sign (TC500A) 


■ Differential Analog Input 

■ Differential Reference 

■ Low Linearity Error.0.003% 

■ Fast Zero-Crossing Comparator.4 ps 

■ Low Power Dissipation...lOmW 


■ Auto-Zero Cycle Eliminates Zero-Scale Error 
and Drift 

■ Zero Integrator Phase Speeds Recovery From 
Overrange Input Signals 

■ Automatic Internal Polarity Detection 


■ Low Input Current.15 pA Max 

■ Wide Analog Input Voltage.±4.2V 


■ Microprocessor Control of Dual-Slope ADC 
Conversion 


IMPROVED PERFORMANCE 

The TC500A is an improved version of the popular 
TC500. The improvements allow up to 16 bits of resolution 
(plus sign) or faster conversion times for lower resolution 
applications. 

GENERAL DESCRIPTION 

The CMOS TC500/TC500A contain all the analog cir¬ 
cuits needed to construct an integrating analog-to-digital 
converter. The analog input buffer, integrator, analog 
switches, comparator and phase control logic are ail on chip. 

The dual-slope converter uses time to quantize the 
analog input signal. A microprocessor and software routine 
perform the digital function of "counting clocks" for the dual¬ 
slope integrating converter process. The user can control 
resolution and conversion speed through software. The 
TC500/TC500A analog building block can be used to con¬ 
struct a fast or high-resolution converter by modifying soft¬ 
ware routines. 


FUNCTIONAL DIAGRAM 


CONTROL LOGIC 



1074-1 
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A microprocessor controls the TC500/TC500A through 
the A and B logic input signals. Four phases are possible: 
auto-zero, signal integrate, reference integrate (deintegrate), 
and integrator zero output. 

The TC500/TC500A comparator's output provides po¬ 
larity and integrator zero-crossing information. The com¬ 
parator output is always low when the Integrator crosses 
zero during the deintegrate phase. This signals the end of a 
conversion to the processor. 

A precision, dual-slope integrating converter with auto¬ 
matic zero-scale offset voltage and drift correction requires 
only a reference, three capacitors, a resistor and a control¬ 
ler. The TC500/TC500A contain the analog circuits needed 


to construct a dual-slope Integrating converter with an auto¬ 
zero phase. A zero-integrator output phase can be selected 
to eliminate errors caused by out-of-range input signals. The 
zero-integrator phase greatly improves recovery after an 
overrange conversion. 

The CMOS TC500/TC500A operate from ±5V supplies. 
Power dissipation is only 10 mW. Leakage currents at the 
differential Inputs are a low 10 pA. The TC500/TC500A 
differential reference Inputs allow easy ratlometric measure¬ 
ments. 

Although the TC500A is pin-for-pin compatible with the 
TC500, some programming constraints are Imposed. (See 
"Integrator Output Zero.") 


ORDERING INFORMATION 


Part No. 

Package 

Temperature Range 

System Resolution 

TC500ACPE 

16-Pin Plastic DIP 

O^C to+70®C 

1 6-Bit (30 ppm) 

TC500AIJE 

16-Pin CerDIP 

-25°C to +85“C 

16-Bit (30 ppm) 

TC500ACOE 

16-Pin SO 

0®C to +70®C 

16-Bit (30 ppm) 

TC500CPE 

16-Pin Plastic DIP 

0°C to +70°C 

4-1/2 Digits (50 ppm) 

TC500IJE 

16-Pin CerDIP 

-25®C to +85°C 

4-1/2 Digits (50 ppm) 

TC500COE 

16-Pin SO 

0°C to +70‘’C 

4-1/2 Digits (50 ppm) 


PIN CONFIGURATIONS 


CPE/lJE 


COE 


C|NT U 
Vi [2 
Caz[T 
bufU 


COMMON 

CrefIZ 

CrefIZ 

VrefIZ 






ilvg 

15 ] DIGITAL GND 
13 COMP OUT 

Hb 


TTjvrN 
I^VlN 
Z1 Vref 


C|nt[T 
Vi [2 
^azIT 
buf[T 

ANALOG nr 
COMMON ^ 

^refIZ 

^refCl 


'^REF 


a 


TC500/ 

TC500A 


iZvi 

is] DIGITAL GND 
i 3 COMP OUT 
13] B 
12] A 

lavrN 

gVfN 

Z]v6ef 
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ABSOLUTE MAXIMUM RATINGS 

Supply (Vs"^ to Vs“).+18V 

Positive Supply Voltage (Vs’^ to GND).+12V 

Negative Supply Voltage (Vs“ to GND).-12V 

Analog Input Voltage (Vin'^ or Vin") .Vs”^ to Vs" 

Logic Input Voltage.Vs^ +0.3V to GND -0.3V 

Package Power Dissipation.0.5W 

Ambient Operating Temperature Range 

Plastic Package (C).0°C to +70°C 

CerDIP Package (I).-25°C to +85°C 


Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 60 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
effect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C, Vs = ±5V, unless otherwise specified. Caz = Cref = 0.1 pF. 


Symbol 

Parameter 

Test Conditions 

Min 

TC500 

Typ 

Max 

1 

Min 

rc50o> 

Typ 

Max 

Unit 

Analog 









Resolution 

Note 1 

— 

_ '] 

50 

— 

— 

30 

ppm 

ZSE 

Zero-Scale Error 

Note 1 

— 

— 

0.005 

— 

— 

0.003 

% 

ENL 

End Point Linearity 

Note 1 

— 

0.005 

0.01 

— 

0.005 

0.01 

% 

NL 

Best Case Straight 

Line Linearity 

Notes 1 and 2 

— 

— 

0.005 

— 

— 

0.003 

% 

DNL 

Differential Nonlinearity 


— 

— 

0.0025 

— 

— 

0.0025 

% 

TCzs 

Zero-Scale 

Temperature 

Coefficient 

Over Operating 
Temperature Range 


1 

2 


1 

2 

pV/°C 

SYE 

Full-Scale Symmetry 

Error (Roll-Over Error) 


— 

— 

0.01 

— 

— 

0.006 

% 


Ratiometric Reading 

VlN = Vref= IV 

— 

— 

0.035 

— 

— 

0.035 

% 

FStc 

Full-Scale Temperature 
Coefficient 

Over Operating 
Temperature Range 
External Reference 

TC = 0 ppm/°C 


i 

10 



10 

ppm/°C 

l|N 

Input Current 

> 

o 

II 

2 

> 

— 

8 1 

15 

— 

6 

15 

pA 

CMRR 

Common-Mode 

Rejection Ratio 

-IV^VcM^lV 

— 

80 

— 

— 

80 

— 

dB 

VcMR 

Common-Mode 

Voltage Range 

Vs = ±5V 

Vs-+1.5 

— i 

Vs^-1.5 

Vs"-hi.5 

— 

Vs-*-1.5 

V 


Integrator Output Swing 

Vs = ±5V 

— 

— 1 

±4.1 

— 


±4.1 

V 

Analog Input Signal Range 

Vs" -I-0.8 

— 

00 

d 

1 

+ 

CO 

> 

Vs"+0.8 


CO 

d 

1 

+ 

CO 

> 

V 

©N 

Noise 

> 

o 

II 

2 

> 

— 

30 

— 

— 

30 

— 

pVp.p 

Digital 








Reference Input Signal 

Range 

Vs-+1 

— 

Vs^-1 

Vs-+1 

— 

Vs+-1 

V 

VoH 

Comparator Logic 1, 

Output High 

•source = 800 pA 

4 

— 

— 

4 

— 

— 

V 

VoL 

Comparator Logic 0, 

Output Low 

•sink = 4 mA 

— 

— 

0.4 

— 

— 

0.4 

V 

V,H 

Logic 1, Input High Voltage 


3.5 

— 

— 

3.5 

— 

— 

V 

VlL 

Logic 0, Input Low Voltage 


— 

— 

1 , 

— 

— 

1 

V 

II 

Logic Input Current 

Logic 1 or 0 

— 

0.05 


— 

0.05 

— 

pA 

to 

Comparator Delay 


— 

4 

— 

— 

4 

— 

ps 
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ELECTRICAL CHARACTERISTICS (Cont.) 


Symbol 

Parameter 

Test Conditions i 

Min 

TC500 

Typ 

Max 

1 

Min 

rc5oo; 

Typ 

\ 

Max 

Unit 

Power 








Is 

Supply Current 

Vs = ±5V,A=1,B=1 

— 

1 

1.5 

— 

1 

1.5 

mA 

Pd 

Power Dissipation 

Vs = ±5V 

— 


15 

— 

— 

15 

mW 

Vs" 

Positive Supply 

Operating Voltage Range 


4 


10 

4 

— 

10 

V 

Vs- 

Negative Supply 

Operating Voltage Range 


-3 

— 

-8 

-3 

— 

-8 

V 

Vs"-Vs- 

Supply Operating 

Voltage Range 


7 

— 

15 

7 

— 

15 

V 


NOTES: 1. Integrate time ^200 ms, auto-zero time >100 ms, Vint (peak) « 4V. 
2 . End point linearity at ±1/4, ±1/2, ±3/4 FS after full-scale adjustment. 


OPERATIONAL THEORY 

The TC500 and TC500A are dual-slope, integrating 
analog processors which are used with a microprocessor to 
generate analog-to-digital conversions of up to 16 bits of 
resolution. Although the TC500 and TC500A are virtually the 
same, the TC500A is recommended for applications requir¬ 
ing more than 14 bits of resolution. 

The TC500 and TC500A incorporate a system zero 
phase and integrator output voltage zero phase, in addition 
to the normal two-phase, dual-slope measurement cycle. 
Reduced system errors, fewer calibration steps, and shorter 
overrange recovery time result. 

The TC500 and TC500A measurement cycle can use all 
four phases, if desired. 

(1) Auto zero 

(2) Analog input signal integration 

(3) Reference voltage integration (deintegrate) 

(4) Integrator output zero 

Internal analog gate status is shown in Table I for each 
phase (see the functional diagram). 


Table I. Internal Analog Gate Status 





Internal Analog Gate Status 



Conversion Phase 

SW| 

SWr^ 

SWri" SWz SWr 

SWi 

SWiz 

Auto-Zero (A=0, B=1) 



Closed Closed 

Closed 


Input Signal Integration 

Closed 





(A=1, B=0) 

Reference Voltage 


Closed* 


Closed 


Deintegration (A=1, B=1) 

Integrator Output Zero 



Closed 

Closed 

Closed 

(A=0, B=0) 


‘Assumes a positive polarity input signal. SWRf would be closed for a negative input signal. 


Auto-Zero Phase 

During this phase, errors due to buffer, integrator and 
comparator offset voltages are compensated for by charg¬ 
ing Caz (auto-zero capacitor) with a compensating error 
voltage. 

The external input signal is disconnected from the 
internal circuitry by opening the two SW| switches. The 
internal input points connect to analog common. The refer¬ 
ence capacitor charges to the reference voltage potential 
through SWr. A feedback loop, closed around the integrator 
and comparator, charges the Caz capacitor with a voltage to 
compensate for buffer amplifier. Integrator and comparator 
offset voltages. 

Analog Input Signal Integration Phase 

The TC500/TC500A integrate the differential voltage 
between the (+) and (-) Inputs. The differential voltage must 
be within the device's common-mode range. 

The input signal polarity is normally checked via soft¬ 
ware at the end of this phase. 
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Differential Reference 

(VREF^[Pin 9], VREF-[Pin 8]) 


Reference Voltage Deintegration Phase 

The previously charged reference capacitor is con¬ 
nected with the proper polarity to ramp the integrator output 
back to zero. 

Integrator Output Zero Phase 

This phase guarantees the integrator output is at OV 
when the system zero phase is entered and that the true 
system offset voltages are compensated. This phase is 
used at the end of the reference voltage deintegration 
(DEINT) phase and SHOULD be used for all TC500/TC500A 
applications. This phase MUST be used for resolutions of 
more than 14 bits. If this phase is not used, the value of the 
auto-zero capacitor (Caz) must be about 23 the value of the 
integration capacitor (Cint) to reduce the effects of charge¬ 
sharing. The integrator output zero phase should be pro¬ 
grammed to operate until the output of the comparator 
returns "high" (1) or for fixed time of about 2 ms. 

ANALOG SECTION 

Differential Inputs (Vin"^ [Pin 11], Vin” [Pin 10]) 

The TC500/TC500A operate with differential voltages 
within the input amplifier common-mode range. The input 
amplifier common-mode range extends from 0.8V below 
positive supply to 0.8V above negative supply. Within this 
common-mode voltage range, a common-mode rejection is 
typically 80 dB. Full accuracy is maintained, however, when 
the inputs are no less than 1.5V from either supply. 

The Integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to satu¬ 
rate. A worst-case condition exists, for example, when a 
large, positive common-mode voltage with a near full-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
swing has been used up by the positive common-mode 
voltage. For these critical applications, the integrator swing 
can be reduced. The integrator output can swing within 0.9V 
of either supply without loss of linearity. 

Analog Common (Pin 5) 

Analog common is used as V|n return during system- 
zero and reference deintegrate. If V|n” is different from 
analog common, a common-mode voltage exists in the 
system. This signal is rejected by the excellent CMRR of the 
converter. In most applications, V|n" will be set at a fixed 
known voltage (i.e., power supply common). A common¬ 
mode voltage will exist when Vin“ is not connected to analog 
common. 


The reference voltage can be generated anywhere 
within 1V of the power supply voltage of the converter. Roll¬ 
over error is caused by the reference capacitor losing or 
gaining charge due to stray capacitance on its nodes. The 
difference in reference for (+) or (-) input voltages will cause 
a roll-over error. This error can be minimized by using a large 
reference capacitor in comparison to the stray capacitance. 

Phase Control Inputs (A [Pin 12], B [Pin 13]) 

The A, B unlatched logic inputs select the TC500/ 
TC500A operating phase. The A, B inputs are normally 
driven by a microprocessor I/O port or peripheral I/O chip. 


By monitoring the comparator output during the fixed- 
signal integrate time, the input signal polarity can be deter¬ 
mined by the microprocessor controlling the conversion. 
The comparator output is high for positive signals and low 
for negative signals during the signal-integrate phase. 

During the reference deintegrate phase, the comparator 
output will make a high-to-low transition as the integrator 
output ramp crosses zero. The transition is used to signal the 
processor that the conversion is complete. 

The internal comparator delay Is 4 ps, typically. 

Figure 1 shows the comparator output for large positive 
and negative signal inputs. For signal inputs at or near zero 
volts, however, the integrator swing is nonexistent. If com¬ 
mon-mode noise is present, the comparator can switch 
several times during the signal-integrate period. To ensure 
that the polarity reading is correct, the comparator output 
should be read and stored at the end of signal integrate. 

A “low” (0) on the TC500/TC500A comparator, during 
the deintegrate phase, signals the processor that the con¬ 
version is complete. 

The comparator output is undefined during the auto¬ 
zero and the integrator output zero phases. 


The TC500 is an integrating analog-to-digital converter 
building block. An understanding of the dual-slope conver¬ 
sion technique will aid in following the detailed TC500A 
operation theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 


Comparator Output 


GENERAL THEORY OF OPERATION 
Dual-Slope Conversion Principles 
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INTEGRATOR . 
OUTPUT 


REFERENCE 

DEINTEGRATE 



COMPARATOR 

OUTPUT 


A. Positive Input Signal 



B. Negative Input Signal 


Figure 1. Comparator Output 


The input signal being converted is integrated for a fixed 
time period, measured by counting clock pulses. An oppo¬ 
site polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The 
TC500/TC500A automatically switch in the proper polarity 
reference signal. The reference integration time is directly 
proportional to the input signal (Figure 2). 

In a simple dual-slope converter, a complete conversion 
requires the integrator output to “ramp-up” and “ramp- 
down.” The TC500/TC500A comparator zero-crossing sig¬ 
nals the processor to indicate the deintegrate cycle is 
complete. 


A simple mathematical equation relates the Input signal, 
reference voltage and integration time: 

\/ /f\ ri* _ toEINT 

RintCint Jo RintCint 

where: 

Vref = Reference voltage 

t|NT = Signal integration time (fixed) 

toEiNT = reference voltage integration time (variable) 



Figure 2. Basic Dual-Slope Converter 
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For a constant V|n: 

The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. 

An inherent benefit is noise immunity. Input noise 
spikes are integrated or averaged to zero during the integra¬ 
tion periods. Integrating ADCs are immune to the large 
conversion errors that plague succesive approximation con¬ 
verters in high-noise environments. 

Integrating converters provide noise rejection auto¬ 
matically with at least a 20-dB/decade attenuation rate. 
Interference signals with frequencies at integral multiples of 
the integration period are, theoretically, completely removed. 
This intuitively makes sense, since the average value of a 
sine wave of frequency (1/t) averaged over a period (t) is 
zero. 

Integrating converters often establish the integration 
period to reject 50/60 Hz line frequency interference signals. 
The ability to reject such signals is shown by a normal mode 
rejection plot (Figures). Normal mode rejection is practically 
set to 50 to 65 dB, since the line frequency can deviate by a 
few tenths of a percent (Figure 4). 


This equation is for reference only. Use 0.1 pF capacitor 
for all applications that have 8 or more conversions per 
second. Use a 0.22 pF capacitor for 3 to 7 conversions per 
second, and a 0.47 pF capacitor for 2 or less conversions 
per second. 

COMPONENT VALUE SELECTION 
Integrating Resistor (Pint) 

The desired full-scale input voltage and output current 
capability of the input buffer and integrator amplifier set the 
integration resistor value. The internal class A output stage 
amplifiers will supply a 20-pA drive current with minimal 
linearity error. Rint is easily calculated for a 20-pA full-scale 
current: 

- V Full-Scale Input Voltage (V) 

Rint MQ =- - -^ ±20% 

20 

For loop stability, Rint should be ^50 k^^. 

Reference Capacitor (Cref) 

A 0.1 -pF capacitor Is suggested. Larger values may be 
used to limit roll-over errors. Low leakage capacitors (such 
as polypropylene) are required. 



Criteria for Caz and Cref 


Caz = Cref = 


2^ tiNT (Vint + Vref) Ileakage 
Vint Vref 


where; 

N = resolution (bits) 
Ileakage = 15 pA 
Vint (see Figure 2) 


Auto-Zero Capacitor (Caz) 

A 0.1-pF polypropylene capacitor is suggested. 




0 . 1 /T 1/T 10/T 


INPUT FREQUENCY 


Figure 3. Normal Mode Rejection vs 
Input Frequency 
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Integrating Capacitor (Cint) 

The integrating capacitor should be selected to maxi¬ 
mize integrator output swing. The integrator output will 
swing to within 0.8V of Vs'*’ or Vs" without saturating. 

Using the suggested 20 -|liA full-scale buffer output cur¬ 
rent, the integrating capacitor is easily calculated: 


C|NT = 


(t|NT) (Vps) 

(ViNj) (Rint) 


« 5 t|NT (pF) 


where: 

tiNT = Integration period 

Vps = Full-scale input voltage 

Vint = Integrator output voltage swing 


A very important integrating capacitor characteristic is 
dielectric absorption. Polypropylene capacitors give 
undetectable errors at reasonable cost. Polyester and poly¬ 
carbonate capacitors may also be used in less critical 
applications. 

The threshold noise (Nth) is the algebraic sum of the 
integrator noise and the comparator noise. This value is 
typically about 30 pV. The graph shows how the value of the 
reference voltage can Influence the results of the final count. 

Errors caused by the low-frequency buffer noise may be 
reduced by increased integration times. 


Signal-to-Noise Ratio 

S/N (dB) = 20 Log ^ 

^30 nV RlNT'ClNTy 

The maximum performance of the TC500/TC500A re¬ 
quire that overshoot at the end of the deintegration phase be 
minimized. Also, the integrator zero phase may be termi¬ 
nated as soon as the comparator output returnsto "high" (1). 


OVERSHOOT 



INTEGRATE INTEGRATOR 

PHASE ZERO PHASE 


NOISE 
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TC500A DESIGN EXAMPLE (See “Component Selection Example”) 


TIMING CONDITIONS: A) AZ PLUS Zl.10,000 CLOCK PERIODS (40 ms) 

B) INT.10,000 CLOCK PERIODS (40 ms) 

C) DEINT.V||y| (V) 10,000 CLOCK PERIODS (14 bits) 

D) CLOCK PERIOD.4 ms 

E) Vps.*2.5V 



TYPICAL WAVEFORMS 



TC500A TO IBM PC/XT PRINTER PORT 


+5VO- 


IBM 

PC/XT 


PORT 

0378 

HEX 


2 

12 

3_ 

13 

10 

14 


-5V 


10 pF 

_Jl±_ 

F 

II |2 

C+ 

C“ 

GND 

TC7660 V+ 


VOUT 


vS Vi 


Cref 

Cref 

vSef 

Vref 


A TC500A bUF 
8 ^AZ 

COMP 

V^N 

vFn 

ANALOG 
GND COMMON 






10 mF 


0.1 mF 


lO.OI pF 


ho kQ 'T 


4 100 kCl 
WW 
3 


0.22 pF 

100 kQ 
-AW-O + 


10 -j-O.OlpF 


3 


INPUT 

-O- 


151 


T 


TC04 
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Interrupt Operation 

The comparator output stays low during the Integration 
phase (A=1, B=0) whenever the input polarity is negative. In 
those cases where the input polarity is negative AND very 
near zero, the zero-crossing occurs before the comparator 
has had a chance to go positive. Thus, no negative-edge will 
be generated and the microprocessor will not be interrupted. 

With a negative input voltage very near zero, the output 
of the comparator does not have enough time to get full 
positive. This anomaly is caused by the comparator delay 
and rise time limitations. 


One solution to overcome this condition is to have the 
microprocessor monitor the comparator output. It can then 
end the deintegration phase as soon as it sees a zero. 

Another solution is to have the microprocessor enable 
the interrupt and look at the comparator output. If the output 
is high, the interrupt will be properly triggered. If the output 
is low, end the deintegration phase and disable the interrupt. 

Either solution will produce reliable low voltage conver¬ 
sions. 



Rate of Conversion 

The conversion times for the TC500/TC500A are a 
function of many variables and constants. The dominate 
component Is Cint: 

Conversion Time (sec) = 

0.4 X Cint (M-F) x (2 + (V|nA/ref)) 

The assumptionsfor this equation are suggested but not 
strictly required. They are: 

Auto-zero time (Taz) = Integration time (Tnt) 

Peak integration voltage (Vint) = 4V 
Maximum buffer current (Vin(max/Rint) = 20 )liA 


Component Selection Example 


Known: 1) Supply voltage for TC500A (Vsup) 

2) Maximum input voltage (Vin(max)) 

3) Integration time (Tint) 

4) Output resolution (bits) (N) 

5) Clock period (tcLOCx) 

Assume: Vsup = ±5V Vsup = IVsupl 


VlN(MAX) = ±2.5V Vin(MAX) = IV|N(MAX)I 

Tint = 40 ms 
N = 14 bits 
tCLOCK = 4 ps 
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step 1 : Calculate R|nt 


Rint = 


VlN(MAX) 

IbUF(MAX) 


Where Ibuf(MAX) « 20 fiA 


Use 130K 


Normalization 

The reference voltage can be adjusted to scale the 
deintegrate count to be directly equivalent to the input 
voltage. 

Since: JllllL = CountsA/olt 
Vref 


Ibuf = 


2.5V 

130K 


= 19.2 pA 


If: Vref is adjusted such that 


Vref = 


10000 Counts 
10000 CountsA/olt 


_ Kint _ 

10000 Counts/Volt 


= 1V 


step 2: Calculate C, NT Cint = 

Vint 

Where Vint = Vsup - 1V = 4V 

C 40msjl9^^0.192nF 
4V 

Use 0.2 pF 


Step 3: Calculate Vref Vref = 

Where Tdeint = 2^ tcLOCK 


V P R 

'' INT '^INT '^INT 


Vref 


4V*0.2 pF*130K 
2*^ tcLOCK 


= 1.587...V 


Step 4: Calculate integrate count 


Kint = 


Tint 

tCLOCK 


Where Rint 


40 ms 
4 \xs 


= 10,000 Counts 


Results: Kdeint = Vin ^ =Vin 

Where Kdeint = Number of clock periods 
during Tdeint 


Then: Kdeint = —— and N = 14.61 Bits 

100 |iV 

e.g., If Kdeint = 18357 Counts, 
then V|N = 1.8357V 


BONDING DIAGRAM 
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15-BIT PLUS SIGN, INTEGRATING 
ANALOG-TO-DIGITAL CONVERTER 

FEATURES 


■ 15-Bit Resolution Plus Sign Bit 

■ Dynamic Range.96 dB 

■ Integrating Dual-Slope Converter 
— Monotonic 

— Eliminates 50/60 Hz ‘Line’ Interference 
— High-Noise Immunity 
— Auto-Zero Cycle Eliminates Trimming 

— incorporates integrator Zero Cycle for Fast 
Overload Recovery 

■ Three-State Data Bit/Sign Outputs 

— 8-Bit or 16-Bit Parallel Data Transfer 
to liProcessor Bus 

■ UART Control Signals 

— Serial Data Transmission 

— ‘Handshake’ Data Transfer 
— Distributed Control Systems 

— Fiber-Optic Transmission Systems 


■ Easy Conversion Cycle Monitoring and Control 
— Data Valid Output Signal 

— Continuous or Convert-on-Command Operation 

■ High-Impedance Differential Input 

— Maximum Input Current.15 pA 

■ Low Input Noise.15 |iVp.p 

■ On-Chip Crystal Oscillator for 2.5 Conversions/Sec 
— fxTAL = 2.4576 MHz 

— Integration Period (Rejects 50, 60, 400 Hz 
Interference Signals).100 ms 

■ Supply Operation.±5V 

— Low Power Dissipation.20 mW 

■ Static-Discharge Protected Inputs 

■ Available In 60-Pin Flat Package 


FUNCTIONAL DIAGRAM 



1086-1 
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15-BIT PLUS SIGN, INTEGRATING 
ANALOG-TO-DIGITAL CONVERTER 


TC800 


PIN CONFIGURATIONS 


< 

LU IQ ILU CO 

qIq: I ' “ 


lo o z 


uT LU lU U. 

o -t-co LU -fo; I cr lu 

> DC o o a. 


|11[^R1|Tirr|[T|[4^[43l[4^[^W 


OVR/^ [Z_ 
L/H [i 
DB7 Ia 
DB 6 
DBS [lT 
NC [12 
DB4 Iji 
DB3 |l4 
DB2 
DB1 
DBO |l7 


TC 800 CLW 

(PLCC) 


[I8jtl^[20][2l|l22jl2^l24jl^l^l^^ 


^ Cref2 
^ CrEF2 
^ REFj 
^ IN’*" 

^ IN“ 

^ NC 

^ COMMON 

^ C,ntb 
is C|NTA 
^ CbufA 

2^ ^BUFB 


CO o 
=) W 
m o 


<N F- Q 

O CO z 

CO LU Q 

o »- 


8 


Q 

o 



o o 
(/} (/) 
o o 


<?! 


(A igc 


m uj CO o u 


Icn (/) o lx U I- Q z 


NC 1^ 
NC 0 
CONV/STOP 

DRQST ^ 


|45lf44|f^f^f4i1|40l|3^[3il|3^|3^|35ll34lf33lf^ 





I Z O 4 .Z O +C 0 QIQ 
Z +>- Z > Z > 


U> P> CM o O 

qT oq" CoT dT ^ ^ 
Q O O Q 


NOTES: 1. NC = No internal connection. 

2. Pins 8, 23, 38, and 53 are connected to the die substrate. The 
potential at these pins is approximately V+. External connections 
should not be made. 




15-BIT PLUS SIGN, INTEGRATING 
ANALOG-TO-DIGITAL CONVERTER 


GENERAL DESCRIPTION 


ORDERING INFORMATION 


TC800 


2 


The TC800 is a 15-bit plus sign, integrating ana(og-to- 
digital converter (ADC). It improves conventional two-cycle, 
dual-slope conversion by incorporating system zero and 
integrator output zero phases. Offset error sources are 
automatically zeroed and overrange recovery time is re¬ 
duced. The integrating conversion technique is immune to 
noise spikes that introduce conversion errors in successive 
approximation converters. 

The externally-adjustable clock allows integration peri¬ 
ods which are integral multiples of 50 Hz or 60 Hz, for 
maximum power-line noise rejection. Using the 2.4576 MHz 
crystal oscillator mode (2.5 conversions/sec), 50 Hz, 60 Hz, 
and 400 Hz signals are rejected. 

Microprocessor interface signals support 1 -byte (16-bit) 
or 2-byte (8-bit) parallel data transfers. A ‘handshake’ oper¬ 
ating mode supports serial data transmission via a UART. A 
serial coun t outp ut is derived by gating the clock signal with 
data valid (DVD). The count output pulses may be used in 
serial fiber-optic transmission systems. 

The high-impedance differential inputs, 5 pA input leak¬ 
age current, 16-bit dynamic range, and interface control 
signals make the high-resolution TC800 the ideal analog-to- 
digital converter for process control, data logging and ‘Intel¬ 
ligent’ measurement systems. 

See TC850 data sheet for applications requiring fast 
conversion rates. 


Temperature 


Part No. 

Package 

Range 

TC800CPL 

40-Pin Plastic DIP 

O'C to +70''C 

TC800IJL 

40-Pin CerDIP 

~25°C to +85°C 

TC800MJL 

40-Pin CerDIP 

-55°Cto+125°C 

TC800CLW 

44-Pin Plastic 

Leaded Chip Carrier 

0°C to -I-70°C 

TC800CBQ 

60-Pin Plastic Flat 
(Formed Leads) 

0°C to +70X 
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ABSOLUTE MAXIMUM RATINGS 

CerDIP (IJL).-25°C to+85°C 

(MJL)..-55°C to +125°C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 60 sec).+300°C 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vs = ±5V, Conversion Rate = 2.5 Conversion/sec, 
Crystal Frequency = 2.4576 MHz, Ta = +25®C, Full-Scale Voltage = 3.2768V (Notes 1 and 3). 


Symbol 

Parameter 

Test Conditions 

Min 

Q. 

Max 

Unit 

Analog Input 

Zero-Scale Error 

> 

o 

II 

z 

> 

— 

— 

±0.5 

LSB 

NL 

Nonlinearity 

Best Straight Line 
— Full Scale < V|n < -i-Full Scale 

— 

1.3 

2 

LSB 

End Point 

— Full Scaled Vin ^ +Full Scale 

— 

2.8 

— 

LSB 

DNL 

Differential Nonlinearity 


— 

— 

±0.5 

LSB 

l|N 

Input Current 

V|N = OV, Ta = +25“C 

— 

5 

15 

pA 

O^^C ^ Ta ^ Hh70°C 

— 

25 

125 

pA 

-25°C < Ta < -•-85‘’C 

— 

70 

175 

pA 

-55°C<Ta<+125‘’C 

— 

2.5 

7.5 

nA 

VcMR 

Common-Mode Input Range 

Over Operating Temperature Range 

Vs'+I.S 

— 

Vs+-1 

V 

CMRR 

Common-Mode 

Rejection Ratio 

V|N = OV, VcM =±1V 

— 

80 

— 

pVA/ 


Full-Scale Gain 

Temperature Coefficient 

External Ref Temperature 

Coefficient = 0 ppm/°C 

0°C < Ta < +70°C 


1.5 

5 

ppm/°C 


Zero-Scale Error 

Temperature Coefficient 

V,N = 0V 

0°C < Ta < -«-70®C 

— 

0.8 

2 

pV/“C 


Full-Scale Magnitude 
Symmetry Error 

V|N = 3.27V 

— 

— 

2 

LSB 

©N 

Input Noise 

Not Exceeded 95% of Time 

— 

15 

— 

pVp.p 

Digital 

Conversion Speed 

— 

2.5 

— 

Conv/sec 

VoH 

Output High Voltage 

lo=100 pA 

3.5 

4.4 

— 

V 

VoL 

Output Low Voltage 

lo= 1.6 mA (Note 2) 

— 

0.18 

0.4 

V 

lop 

Output Leakage Current 

High-Impedance State 

— 

0.1 

1 

pA 

Icp 

Control Pin Pull-Up Current 

Pins 18, 19, 20; Iq = 750 pA 

Pin 21 =0V. Vo=2V 

— 

5 

— 

pA 

V|H 

Input High Voltage 

Pins 18-21,26, 27 

2.5 

— 

— 

V 

ViL 

Input Low Voltage 

Pins 18-21,26, 27 

— 

— 

1 

V 


Positive Supply Voltage (Vs'^ to GND).-t-6.2V 

Negative Supply Voltage (Vs~ to GND).-9V 

Analog Input Voltage (Vin'^ or Vin“) .Vs'^ to Vs“ 

Voltage Reference Input (Vref). Vs"^ to Vs" 

Logic Input Voltage.Vs"^ -t-0.3V to GND -0.3V 

Package Power Dissipation 

CerDIP.1W@ -f85°C 

Plastic Packages..0.5W @ +70°C 

Ambient Operating Temperature Range 

Plastic DIP (CPL, CBQ).0°C to +70°C 

PLCC (CLW).0°C to +70X 
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ELECTRICAL CHARACTERISTICS (Cont.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Digital (Cont.) 

I|p 

Input Pin Pull-Up Current 

Pins26,27; V = 2V 

— 

5 

— 

pA 



Plns17, 24; V = 2V 

— 

25 

— 

pA 

l|D 

Input Pin Pull-Down Current 

Pin21,V = 3V 

__ 

5 

— 

pA 

losci 

Oscillator Output Current 

Vo = 2.5V 1 

— 

1 

— 

mA 

Ibufosc 

Buffered Oscillator 

Vo = 2.5V 

Output Current 

— 

5 

— 

mA 

C|N 

Input Capacitance 

Pins 18, 19 

— 

— 

50 

PF 

tpw 

BUS/ HAND Control Pin 
Minimum Pulse Width 

Pin 21 

70 

— 

— 

ns 

tWBE 

Byte-Enable Pulse Width 

Note 1 

350 

200 

— 

ns 

twCE 

Chip-Enable Pulse Width 

Note 1 

400 

250 

— 

ns 

tABE 

Byte-Enable Access Time 

Note 1 

— 

200 

350 

ns 

tACE 

Chip-Enable Access Time 

Note 1 

— 

250 

400 

1 

ns 

tOHB 

Data Hold From 

Note 1 

Byte-Enable Change 

— 

140 

300 

ns 

tOHC 

Data Hold From 

Note 1 

Chip-Enable Change 

— 

240 

400 

ns 

Power 

Is-^ 

Positive Supply Current 


— 

2 

3.5 

mA 

Is" 

Negative Supply Current 


— 

2 

3.5 

mA 


NOTES: 1. Parallel data transfer (BUS/HAND = 0). See Figures 8 and 9. 3. Crystal source (2.4576 MHz): DIGI-KEY Corp., Highway 

2. For pins 18-20, Iq = 750 pA. 32 South, P.O. Box 677, Thief River Falls, 

MN 56701-9988, Phone 1-800-344-4539, Part No. X047. 


PIN DESCRIPTION 


Pin No. 
(40-Pin) 

Pin No. 
(60-Pin) 

Symbol 

Description (Pin designations refer to 40-Pin DIP) 

1 

9 

SGN 

Sign Bit: 1 = positive input. The input signal polarity is determined at the end of the 
signal-integrate phase. 

2 

10 

DBi 5 

Data Bit 15 (MSB) 


3 

11 

DBi4 

Data Bit 14 


4 

12 

CD 

Q 

Data Bit 13 


5 

13 

DBi2 

Data Bit 12 


6 

18 

DBii 

Data Bit 11 


7 

19 

DBio 

Data Bit 10 


8 

20 

DBg 

Data Bit 9 


9 

21 

DBa 

Data Bit 8 

► Three-State Output Data Bits 

10 

22 

DB 7 

Data Bit 7 


11 

24 

DBe 

Data Bit 6 


12 

25 

DB 5 

Data Bit 5 


13 

26 

DB 4 

Data Bit 4 


14 

27 

DB 3 

Data Bit 3 


15 

28 

DB 2 

Data Bit 2 

NOTE: DB15-DB1 are at logic ‘1 ’ for an 

16 

33 

DBi 

Data Bit 1 (LSB) 

overrange conversion. 


2-17 




15-BIT PLUS SIGN, INTEGRATING 
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TC800 


PIN DESCRIPTION (Cont.) 


Pin No. 
(40-Pin) 

Pin No. 
(60-Pin) 

Symbol 

Description (Pin designations refer to 40-Pin DIP) 

17 

34 

TEST 

Test = OV; Data outputs forced to logic ‘1’ and clock is disabled. 

Test = V+; Counter latches enabled. 

18 

35 

LBEN/LBFLG 

(Input/Output) 

A low data byte enable input or flag output, depending on BUS/ HAND (pin 21) status. 

(1) BUS/ HAND = 0; With pin 21 low and CE/ LDSTRB = 0 (pin 20), data bits 8 
through 1 (pins 9-16) are output when LBEN = 0. 

(2) BUS/ HAND = 1: Valid data on pins 9-16 is indicated by flag output, LBFLG = 0. 

19 

36 

HBEN/HBFLG 

(Input/Output) 

A high data byte enable input or flag output, depending on BUS/ HAND (pin 21) status. 

(1) BUS/ HAND = 0: With pin 21 low and CE/ LDSTRB = 0 (pin 20), the high data 
byte (sign bit plus data bits 15-9) are output when HBEN = 0. 

(2) BUS/ HAND = 1: Valid data on pins 1-8 is indicated by flag output, HBLFG = 0. 

20 

37 

CE/LDSTRB 
(Input/Output) 

(1) BUS/ HAND = 0; CE is master chip enable._With CE = 1, sign bit plus data bits 
15-1 are disabled (high-impedance state). CE = 0 enables outputs and data is 
transferred under control of LBEN and HBEN. 


CE 

LBEN 

HBEN 

Function 

0 

0 

1 

Low Data Byte Output 

0 

1 

0 

High Data Byte Output 

0 

0 

0 

Low + High Data Byte Output 

0 

1 

1 

High-Impedance State 


(2) BUS/ HA ND = 1: LDSTRB is a load strobe output sign. In the handshake mode, 
LDSTRB = 0 instructs the receiving device to accept data. 


21 

39 

BUS/HAND 

(1) BUS= 0: Parallel output data mode, where CE HBEN, and LBEN directly 
control the 16 data bits. 

(2) HAND = 1: LDSTRB, LBFLG, HBFLG are used in the handshake data transfer 
mode. 

(3) HAND = _J L__ (pulsed high): Causes entry into handshake mode for UART 
interfacing. 

22 

40 

OSC 2 

Oscillator input. 

23 

41 

OSC 1 

Oscillator output. 

24 

42 

OSC CON 

Selects internal oscillator structure. 

(1) OSC CON = 1: RC oscillator. Internal clock frequency is same frequency and 
duty cycle as BUF OSC. 

(2) OSC CON = 0: Crystal oscillator. Internal clock frequency is frequency at BUF 
OSC 415. 

25 

43 

BUFOSC 

Buffered oscillator output 

26 

48 

CONVERT/STOP 

CONVERT = 1: Conversions performed continuously. 

STOP= 0: Conversion process stops 7 counts before entering signal-integrate 
phase. The conversion in progress when STOP = 0 is completed. 

27 

49 

DRQST 

Data request signal. Used in handshake mode to indicate an external device is ready 
to accept data. If DRQST is not used, connect to Vs'*'. 

28 

50 

Vs- 

Negative power supply. 

29 

51 

Vref 

Voltage reference input. 

30 

52 

COM 

Analog common. The TC800 is auto-zeroed to the analog common potential. 

31 

54 

Vint 

Integrator output. 

32 

55 

Csz 

System-zero capacitor. 

33 

56 

Vbuf 

Output of input signal buffer. 

34 

57 

Cr- 

Negative Reference capacitor. 
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PIN DESCRIPTION (Cont.) 

Pin No. 
(40-Pin) 

Pin No. 
(60-Pin) 

Symbol 

Description (Pin designations refer to 40-Pin DIP) 

35 

59 

Cr'^ 

Positive Reference capacitor. 

36 

1 

VlN" 

Negative differential analog input. 

37 

3 

VlN^ 

Positive differential analog input. 

38 

5 

Vs^ 

Positive power supply 

39 

6 

GND 

Digital ground. Ground return point for digital logic. 

40 

7 

DVC 

Data valid signal. DVC= 1 during signal-integrate and reference-integrate phases 
until data is latched. 

DVC = 0 when In auto-zero phase; data does not change. 


GENERAL THEORY OF OPERATION 
Dual-Slope Conversion Principles 

The TC800 is a dual-slope, integrating ADC. An under¬ 
standing of the dual-slope conversion technique will aid in 
following the detailed operation theory. 

The conventional dual-slope converter measurement 
cycle has two distinct phases: 

(1) Input signal integration 

(2) Reference voltage integration (deintegration). 



Figure 1 Basic Dual-Slope Converter 


The input signal being converted is integrated for a fixed 
time period, measured by counting clock pulses. An oppo¬ 
site polarity, constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal. 

In a simple dual-slope converter (Figure 1), a complete 
conversion requires the integrator output to ‘ramp-up’ and 
‘ramp-down.’ 

The dual-slope converter accuracy is unrelated to the 
integrating resistor and capacitor values, as long as they are 
stable during a measurement cycle. Noise immunity Is an 
inherent benefit. Noise spikes are integrated, or averaged, 
to zero during integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes¬ 
sive approximation converters in high-noise environments. 

A simple mathematical equation related the Input signal, 
reference voltage and Integration time: 



where: Vr = Reference voltage 

tsi = Signal Integration time 
tRi = Reference voltage integration time (variable) 
For a constant V|n: 

V|N = VR[^^j 

ANALOG SECTION DESCRIPTION 
System-Zero Phase 

During system-zero phase (Figure 2), errors due to 
buffer, integrator, and comparator offset voltages are com¬ 
pensated for by charging system-zero capacitor (Csz) with 
a compensating error voltage. With zero input voltage, the 
integrator output remains at zero. 
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The external input signal is disconnected from internal 
circuitry by opening two SW| switches. The internal input 
points connect to analog common. The reference capacitor 
charges to the reference voltage potential through SWr. A 
feedback loop, closed around the integrator and compara¬ 
tor, charges Csz with a voltage to compensate for buffer 
amplifier, integrator, and comparator offset voltages. 

Input Signal-Integration Phase 

The TC800 integrates differential voltage between the 
(+) and (-) inputs (Figure 3). The differential voltage must be 
within the device common-mode range; 1V from either 
supply rail, typically. The input signal is integrated for 16,384 
clock cycles. 

The input signal polarity is determined at the end of the 
phase. 



Reference Voltage Integration Phase 

The previously-charged reference capacitor is con¬ 
nected with the proper polarity to ramp the integrator output 
back to zero. The time for the output to return to zero is 
proportional to the input signal magnitude. The phase lasts 
for a maximum of 32,768 clock periods. (See Figure 4.) 



Figure 4 Reference Voltage integration Phase 


Integrator Output Zero Phase 

This phase guarantees the integrator output is at OV 
when the system-zero phase is entered and that true system 
offset voltages are compensated for. This phase normally 
lasts 4096 clock cycles. (See Figure 5.) 



Figure 3 Input Signal Integration Phase 
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Differential Inputs 

ViN^ (Pin 37) and V|n“ (Pin 36) 

The TC800 operates with differential voltages within the 
input amplifier common-mode range, extending from 1V 
below ViN'*' to 1V above Vin". Within this common-mode 
voltage range, an 86 dB common-mode rejection ratio is 
typical. 

The integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to satu¬ 
rate. A worst-case condition exists, for example, when a 
large positive common-mode voltage with a near full-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
swing has been used by the positive common-mode volt¬ 
age. For these critical applications, the integrator output 
swing can be reduced to within 0.4V of either supply without 
loss of linearity. 

Analog Common 

Analog common (COM, pin 30) is used as the V|n” return 
during system-zero and reference-integrate phases. If Vin~ 
is different from analog common, a common-mode voltage 
exists in the system. This signal is rejected by the excellent 
CMRR of the converter. In most applications, Vin" will be set 
at a fixed, known voltage (power supply common, for In¬ 
stance). In this application, analog common should be tied 
to the same point, thus removing the common-mode voltage 
from the converter. The reference voltage is referenced to 
analog common. 

DIGITAL SECTION DESCRIPTION 

Digi tal Control Signals 

BUS/H AND 

The BUS / HAND input (pin 21) selects parallel bus data 
transfer mode or handshake transfer mode. An internal 


pull-down resistor guarantees parallel mode operation when 
the input pin is open. The handshake mode allows serial 
data transmission with a UART. I n parall el mode, theTC SOO 
outputs d ata under control of the HBEN (pin 19), LBEN (pin 
18), and CE (pin 20) signals. In the handshake mode, the 
TC800 output signals communicate with peripheral devices 
to contr ol dat a tra nsmiss i on. _ 

For BUS = 0, HBEN, LBEN, and CE input signals con¬ 
trol data transmission. Figures 8 a nd 9 show typi cal timing 
relationships and operation. The HBEN, LBEN, and CE 
signals are asynchronous to the internal conversion clock. 
Output data is immediately accessed. To av oid ac cessing 
data as updates are occurring, the data valid (DVD, pin 40) 
si gnal c an be used as an enable signal. Data will not change 
if DVD = 0. 

In handshake mode, two data transfer methods are 

possible. If HAND is pulsed high (HAND = —Xn ) for a 

minimum of 70 ns, the TC800 enters the handshake mode. 
If HAND = 1 continuously, the parallel mode is not re¬ 
entered, and a handshake data transfer will occur at the end 
of each conve rsion cycle. 

The BUS / HAND input configures dual-purpose pins 
18, 19, and 20 as Inputs or outputs. In conjunction with the 
data request input signal, handshake data trans fer is con - 
trolled by output signals LBFLG, HBFLG, and LDSTRB. 
(See Table I.) 

Data Request Input 

The data request (DRQST, pin 27) input is used only in 
the handshake data transfer mode. DRQST = 1 indicates an 
external receiving device Is ready to accept data from the 
TC80 0. It serves as a send data command. When 
BUS / HAND = 0. DRQST should be tied to Vs^. 


Table I (Pin designations refer to 40-Pin DIP) 



Pin Description 


Operating Mode 

LBEN/LBFLG 
(Pin 18) 

HBEN/HBFLG 
(Pin 19) 

CE/LDSTRB 
(Pin 20) 

Bus Transfer Mode 

BUS/ HAND = 0 

LBEN; Low data byte 
enable input. Logic ‘0’ 
activates low-order 
data (DBs-DBi) if 

CE= 0 . 

HBEN: High data byte 
enable input. Logic ‘ 0 ’ 
activates the high order 
data (SGN, DB 15 -DB 9 ) 
if CE= 0 . 

CE: Master output enable 
input. When CE = 1 outputs 
SGN, DB 15 -DB 1 are 
disabled and In a high- 
impedance state 

Handshake Transfer Mode 

BUS/ HAND = 1 or _J~L 

LBFLG: Low data byte 
flag output. Indicates 
output data is DBe-DB-i. 

HBFLG: High data byte 
flag output. Indicates 
output data is DB 15 -DB 9 . 

LDSTRB: Load strobe 
output signal. A logic ‘ 0 ’ 
or falling edge indicates 
valid data is present at 
the output. 
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CONV / STOP Input 

The CONV / STOP input (pin 26) i s pulled high through 
an internal pull-up resistor. If CONV / STOP = 1, or Is left 
open, the TC800 continuously performs conversions. Each 
measurement cycle is 65,536 counts long. The measure¬ 
ment cycle time for one conversion is: 

Time Conversion (ms) =_§5^536_ 
fcLK (kHz) 

where fciK = I nternal clock frequency. 

If CONV / STOP = 0 during reference-integrate phase 
and after zero-crossing has been detected, the integrator- 
zero phase is immediately entered and completed. This 
eliminates the time spent in the reference-integrate phase 
after the outp ut data latches are updated. 

If CONV / STOP remains low, the TC800 will wait in the 
system-zero phase. The signal-integrate phase begins 7 
clock c ounts a fter a CONV = 1 signal is detected. The 
CONV/STOP signal is detected synchronously with the 
internal clock. The system-zero phase should last a mini- 
mum of 70 ms. (See Figures 6 and 7 for CONV /STOP 
conversion ti ming dia grams.) 

If CONV / STOP goes low and remains low during the 
system-zero phase, the TC800 will stop at the end of the 
phase and wait for CONV = 1. The signal-integrate phase 
will start 7 clock counts after CONV = 1 is detected. 


TEST Input 

When TEST (pin 17) = 1, the counter data latches are 
enabled. When TEST = 0, the counter outputs are forced to 
a logic ‘V state and the internal clock is disabled. When 
TEST is returned to logic ‘1 ’ and one clock pulse is applied, 
all counter outputs are clocked low. 

Data Valid 

Data vali d (DV D, pin 40) = 1 at the start of signal 
integrate and DVD = 0 one-half cl ock pe riod after new data 
is stored in the data latches. Since DVD is always low when 
data is not changing, the signal may be used as a ‘Data Valid 
Flag.’ (See Figures 6 and 7 for timing relationships.) 

DATA OUTPUT DESCRIPTION 
Parallel Mode Data Interface 

With BUS / HAND = 0, th e sign and data bits are con¬ 
trolled by the CE, LBEN, and HBEN inputs. All three have 
internal pull-up resistors. Inactive data bits are in a high- 
impedan ce stat e. 

The HBEN signal c ontrols the most significant data 
bytes (SGN, DB 15 -DB 9 ). LBEN controls the least significant 
data bytes (DBa-DBi). 



Figure 6 Convert-on-Command Operation (CONV / STOP = 0 After Zero Crossing Detected) 
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Figure 7 Continuous Conversion (CONV / STOP = 1) 


Table II 


CE 

HBEN 

LBEN 

High Data Byte 
(SGN, DB 1 S-DB 9 ) 

Low Data Byte 
(DBe-DBi) 

1 

X 

X 

Inactive 
(High Z State) 

Inactive 
(High Z State) 

0 

0 

0 

Active 

Active 

0 

0 

1 

Active 

Inactive 
(High Z State) 

0 

1 

0 

Inactive 
(High Z State) 

Active 

0 

1 

1 

Inactive 
(High Z State) 

Inactive 

High Z State) 


NOTE: X = 1or0. 


The HBEN, LBEN, and CE inputs are asynchronous with 
the internal conversion clock. Output data is immediately 
availa ble. To avoid accessing data as updates occur, the 
DVD input can control data access. Data will not change if 
DVD = 0. 

Handshake Mode Data Transfer 


indicate s v alid dat a is available for the peripheral. The 
LBFLG and HBFLG signals indicate which data byte is being 
transferred. The data request signal (DRQST, pin 27) in¬ 
forms the TC800 a peripheral is ready to accept data. A 
complete cycle transfers two 8-bit bytes. 



The TC800 actively controls data transfer to peripherals 
through the handshake data transf er mode . In the h and¬ 
shake m ode, pins 18, 19, and 20 (LBFL G. HBFLG , and 
LDSTRB) are TTL-compatIble outputs. The LDSTRB signal 
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CE ..—.y 



WCE 







^ACE 

IMPEDANCE 

◄-►] tpHC 

◄—► 

HIGH 

IMPEDANCE 

STATE 

nivan m --% 

STATE/ VALID DATA \ 

r~;\ SGN, DBhc-DB. ) 

] DON'TX ’ 15 1 / 

JCARE 


Figure 9 Parallel Data Transfer (16-Bit Bytes) 


The BUS / HAND signal is ignored after the handshake 
mode is entered. Conversions continue, but data latch 
updating is inhibited until the TC800 transfers two data bytes 
and clears the internal mode latch. 

The handshake mode is entered in two ways: 

(1) Set MJS/HAND = 1 

(2) Pulse i^/HAND High (_n_) 


BUS/HAND=1 

With BUS / HAND = 1, the TC800 enters the handshake 
mode after data is stored in the output data latc hes. O nce the 
handshake mode internal latch signal is set, the BUS / HAND 
signal is ignored. The DRQST signal controls data transfer 
to the external requesting peripheral. Fig ure 1 0 shows the 
timing diagram for the data transfer with BUS / HAND = 1 
(throughout the transfer). Note that DRQST = 1 throughout 
the transfer. The data transfer rate is set by the TC800 
internal clock. A complete data transfer occurs in 4 clock 
periods after a DRQST = 1 is detected on a high-to-low 
internal clock-edge transition. 

For peripherals that cannot accept data at the TC800 
clock rate, the DRQST input can be used to delay the 
transmit sequence. This mode is useful in interfacing to 
UARTs. Figure 11 shows a typical UART interface. 


INTEGRATOR py N | ^ 
OUTPUT 


ZERO CROSSING OCCURS 


INTERNAL CLOCK 
INTERNAL DATA 

LATCH UPDATE - 

DVD(DATA _ 

VALID SIGNAL) 

BUS/HAND _ 

INPUT SIGNAL 
INTERNAL 
DATA TRANSFER 

MODE CONTROL SIGNAL - 

(1 = HANDSHAKE, 0= BUS) 

DRQST -- 

(DATA REQUEST INPUT FROM PERIPHERAL) 

LDSTRB - 

(LOAD DATA STROBE OUTPUT) 


ZERO CROSSING DETECTED 


K. 


y 


HBFLG 


(HIGH DATA BYTE FLAG OUTPUT) 

HIGH IMPEDANCE STATE 


^P///7/777/7ZW77X 




HIGH DATA BYTE 


LBFLG 


(LOW DATA BYTE FLAG OUTPUT) 

HIGH IMPEDANCE STATE 


LOW DATA BYTE 


© 


S®_/■ 

V® 


\ 7 7y/77y/77y/X7 \ 


DATA VALID 
SGN, DB^g-DB, 


© 


y 


.HIGH IMPEDANCE S 


K DATA VALID \ HIGH 
DBg-DB^ y iMpEi 

—. .—. —. * OTPATI 


©. 

ATE 


® 


NOTES: (T) High impedance output with internal pull-up. 

@ DRQST signal sensed at H L clock transition. 

LDSTRB and HBFLG become active at first L H clock transition after DRQST is sensed H. 


IMPEDANCE 

STATE 

VA DON'T 
/A CARE 
422 STATE 


Figure 10 Data Trasfer With BUS/HAND = 1 
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Figure 11A Typical UART Interface Timing With ORQST Signal Controlling Data Transfer Timing 


The UART data transfer sequence begins with DRQST 
= 1 , indicating the UAR T tra nsmitter b uffer register is empty 
(TBMT = 1 ). LDSTRB and HBFLG become active when 
DRQST is sensed synchronously. The high-order data byte 
is stored in the UART transmitter buffer register when 
LDSTRB = 1 . This occurs one clock period after DRQST is 
sensed. The DRQST signal (TBMT) goes low, halting the 
cycle with the SGN and DBN 15 -DB 9 data bits active. After 
the UART transfers the received data to the transmitter 
register, DRQST (TBMT) goes high. Qn the first high-to-low 
internal clock transition, the h igh data byte is disabled and 
one-half clock period later HBFLG = 1 . Concurrently, 
LDS TRB = 0 an d DBa-DBi become active. One clock period 
later, LDSTRB = 1 and the low data byte is clocked into the 
UART transmitter buffer register; DRQST goes low. When 
DRQST returns high, it is sensed on the first TC800 internal 
clock high-to-low edge transition, thus causing all outputs to 
be disabled. One-half clock period l ater the i nte rnal han d¬ 
shake m ode latch is cleared and LDSTRB = HBFLG = 
LBFLG = 1 . The outputs remain active as long as 
BUS/HAND = 1 . 



Figure 11B Typical UART to TC800 Connection 
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BUS/HANDS _n__ (Pulse High) 

The TC800 outputs every conversion ( excep t those 
completed during a handshake transfer) with BUS / HAND 
held high. Handshake o utput sequences on demand are 
possible by triggering the BUS / HAND control input with a 
low-to-high edge. Figure 12 shows a typical data transfer. 
The output cycle is controlled by the DRQST input signal. 
The complete 2-byte data transfer can take an y len gth of 
time. Conver sions are made, and the DVD and 
CONV/ STOP Inputs function normally, but new data will 
not be latched until the handshake mode is terminated. 

Oscillator Control and Operation 

The OSC CON Input (pin 24) configures the internal 
oscillator as a crystal or RC oscillator. OSC CON = 1 
establishes the RC oscillator; R should be 50 kW or larger. 
The internal clock matches the frequency and phase of the 
BUF OSC (pin 25) signal. In the crystal oscillator mode 


(OSC CON = 0), a 415 Is between the buffered oscillator 
output and the internal clock. The internal oscillator may be 
overdriven by driving OSCi (pin 23). The OSC CON pin 
controls whether the internal clock is 415. (See Table III.) 


Table III 


Oscillator 

Type 

OSC 
CON 
(Pin 24) 

Internal 

Clock 

Frequency 

Signal 

Integration 

Time 

Conversion 
Cycle Time 

RC 

Vs+ or 
Open 

0.45/RC 

16,384 

V0.45>' 

-BC- (65,536) 
0.45 

Crystal 

Ground 

fxTAL 41 5 

16,384 

yhiAiJ 

(65,536) 

fxTAL 


NOTES: 1. fxTAL = crystal frequency (2.4576 MHz) 

2. Internal clock frequency = 163.8 kHz 

3. Signal integration time = 1000 ms 

4. Conversion cycle time = 400 ms (2.5 conversions/sec) 


INTERNAL 
DATA LATCH 




POSITIVE EDGE 
SETS HANDSHAKE 
UAR T MODE 
BUS/HAND 




INTERNAL 

TRANSFER 

MODE 

DRQST 


HANDSHAKE UART 
BUS 




LDSTRB 


HBFLG 


© 


@ 


© 


HIGH DATA BYTE 


© 


LBFLG 


LOW 
DATA BYTE 


© 


© 



NOTES: (T) High impedance state with resistive pull up. 

@ High impedance state. 

DRQST input sensed. 

Output sequence greater than conversion cycle. 



Figure 12 Handshake Output on Command (DRQST Signal Controls Transfer) 
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INTERNAL CLOCK 




i 



t15 

1 1 

ENABLE 


' TC800 


OSC2 


6 A EXTERNAL 6BUFOSC 

OSC CON 'y' CLOCK 
(GND = 415) f SOURCE 


Figure 13 External Oscillator Control 


Component Value Selection 

Integrating Resistor (Rint) 

The desired full-scale input voltage and output current 
capability of the input buffer and integrator amplifier set the 
integration resistor value. The internal Class A output stage 
amplifiers supply a 20 pA drive current with minimal linearity 
error. Hint is easily calculated for a 20 pA full-scale current: 


Pint (Mii) - Full-Scale Input VoHage (V) 
20 


Full-Scale Input Voltage (Vps) 

Rint 

3.2768 

160 kW 

4.0000 

200 kW 





integrating Capacitor (Cint) 

The integrating capacitor should be selected to maxi¬ 
mize integrator output swing. The integrator output will 
swing to within 0.4V of Vs^ or Vs“ without saturating. With 
±5V power supplies and analog common connected to 
supply ground, a 3.5V to 4.3V swing is adequate. 

Using the suggested 20 pA full-scale buffer output 
current, the Integrating capacitor Is easily calculated; 


16,384 


f -^-^l20uA 

l,fcLK(kHz)J ^ 


Cint (pF) =- 

Integrator Output Voltage Swing (V) 

where fciK = Internal clock frequency. 


For 2.5 conv/sec, the internal clock frequency Is 
163.8 kHz. The TC800 operates at 2.5 conv/sec with an 
external crystal equal to 2.4576 MHz. A 0.47 pF capacitor is 
recommended. 

The integrating capacitor should be selected for low 
dielectric absorption to prevent roll-over errors. Polypro¬ 
pylene capacitors are suggested. The outer foil of Cint 
should be connected to pin 31. 


System Zero Capacitor (Csz) 

A1 pF polypropylene capacitor is suggested. The inner 
foil should be connected to Csz (pin 32). 

Reference Capacitor (Cref) 

A 1 pF capacitor is suggested. Larger values may be 
used to limit roll-over errors. Low leakage capacitors such as 
polypropylene or Teflon® should be used. 
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Reference Voltage 

The analog input required to generate the 32,768 full- 
scale count is ViN = 2 Vref- The reference voltage source 
should be selected for temperature stability. The TC800 
provides 30 ppm resolution. With a 5 ppm/°C reference, a 6® 
change will Introduce a 1-bit absolute error. A stable refer¬ 
ence must be used where ambient temperature is controlled 
and accurate absolute measurements are needed. 

The reference voltage input must be a positive voltage 
with respect to analog common. Reference voltage circuits 
are shown In Figure 16. 

Delay Resistor (Rs) 

The Rs, Cint combination compensates for comparator 
delay time. With a 0.47 pF integrating capacitor, a 20W 
series resistor is suggested. 



Figure 16 Reference Voltage Circuits 


TYPICAL APPLICATIONS 


TC800 Parallel Interface to 6522 Versatile Interface Adapter 
2.4576 MHz +5V-5V 



*NOTE: May be programmed for convert on command or 
continuous conversions. 
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TYPICAL APPLICATIONS (Cont) 


TC800 Interface to 6520 VIA 



6520 PIA CONTROL REGISTER A (CRA) SET-UP 


IRQA1 

IRQA2 

CA2 

DORA 

CA1 

CONTROL 

ACCESS CONTROL 

Bit? 

Bite 

Bits Bit 4 Bits 

Bit 2 

Bit1 BitO 

X 

X 

1 0 0 

0 

0 1 


I 

Set by a negative 
CAI transmission 
reset by a 
read port A 
operation. 


T 


J 


I 

Port A 


CA2 is set high on conf- 
negative CA1 gured 

transmission. as 

A port A read input, 

operation 
sets CA2 low. 




IRQ A output 
enabled — goes 
low when Bit 7 
in CRA is set by 
negative transition 
of signal on CAI. 
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TYPICAL APPLICATIONS (Cont 


TC800 to 6520 Peripheral Interface Adapter Handshake Timing Diagram 


INTERNAL 
CLOCK - 
INTERNAL DATA 






LATCH— - 

-r(- 


u 


DVD-1 





DATA AVAILABILITY 

u 




INTERRUPT 

_1 


1 h 


(DRQST, CA1) 



-- 


HIGH 

IMPED’AfTcE* 

-re*- 

SGN, DB^g-DBg DATA VALID 

-—-- » - 1 

|hiz 

u 

DB-i-DBg 
DATA VALID 

_PJ_ 

HIGH 

Impedance 


PERIPHERAL DATA 
REQUEST - 
(DRQST, CA2) 

PROCESSOR READS 
PERIPHERAL - 
(R-CS) 

PROCESSOR 
INT ERUPT - 
(IRQA) 


DATA REQUEST SENSED 


DATA REQUEST SENSED 
RE^ES-^ 


DATA REQUEST SENSED 

jL 




P I— 

-Cl*- 


READ 

HIGH 

BYTE 


READ 

LOW 

BYTE 




NOTE: Data from every conversion is transmitted in 2 bytes. 
(Data read cycle is less than conversion time.) 
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^^y^TELEDYNE 

COMPONENTS 


12-BIT iiP-COMPATIBLE MULTIPLEXED A/D CONVERTER 


FEATURES 

■ 12-bit Plus Sign, High Accuracy A/D Converter 

■ Up to 30 Conversions per Second 


■ Selectable Conversion Rate 

■ On-Board Analog Mux.4 or 8 Channel 

■ Very Fast Overload Recovery 

■ High Impedance Differential Input 

■ Low Noise CMOS Design.15|iVp-p 


■ Analog Mux Expansion Capability 

■ Low Input Leakage Current, lOpA (Max) 

■ Flexible Digital and ^Processor Interfacing 

■ Internal Reference Regulator, 50ppm/°C 

■ Power Up to Known State 

■ Crystal Controlled Clock Circuit 

■ Available in Compact Flat Package or PLCC 

■ Industrial Temperature Range Device Available 


GENERAL DESCRIPTION 

The TC804 is a 12-bit (plus sign and over-range) analog 
to digital converter. It is equivalent to the popular TC7109A 
except that the TC804 incorporates an on-board analog 
multiplexer which may be configured for either 4 or 8 channel 
operation under software control. TheTC804 representsthe 
latest technology in multi-slope, high noise immunity, inte¬ 
grating A/D conversion. The advanced CMOS design offers 
very low power consumption and high reliability. 

The TC804 provides two very flexible modes of digital 
Interfacing to fit a variety of system configurations. The 
Handshake Mode supports either fast or slow UART inter¬ 
facing with either triggered or continuous operation. The 
Direct Output Mode supports microprocessor systems that 
use a direct bus architecture with either an 8-bit or 16-bit data 
bus structure. 


TYPICAL APPLICATIONS 

■ Process Control 
—Flow Measurement 
—Leak Detection 
—pH Measurement 
—Pressure 
—Temperature 
—Viscosity 
—Position 

FUNCTIONAL DIAGRAM 



rill nuriiuers aftt 

for 68-pin PLCC package. 


■ Data Acquisition 

■ Environmental Monitoring 

■ Portable Instrumentation 

■ Power Supply Monitoring 

■ Medical Monitoring 

■ Scales and Balances 

■ Photo-Voltaic Instruments 


1087-1 (4347) 
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PIN CONFIGURATIONS 


<■11111$ 1 I I f li'ill I 



IS |» |» S i a £ £ S i li!! 8 ^ 

RRHRRRRRnRRRRRRRR 
A-' --.. : - -i -. : .. : . *: - i:: .. : . : . _. 


ncQT 
A, Cl 

Aod 

enQI 

v-[]7 

CHe+/CH4- Qs 
CH7*/CH3- |j7 
CH«*/CHa- [i7 
CH5*/CH1- (TT 

Vin'CE 

ANALOG COMMON [17 

V|N*[E 

CH4+ Qr 
CHJ* 

CH2* 

CHI* 

NC QT 

TC804CL8 

68-LEAO PLASTIC 

LEADED CHIP CARRIER 

171 NC 

15] B, 

IlIb, 

]E]Bj 

3^4 

ige, 

H]b« 

17] By 

17] B. 

^B. 

3 ®10 

15] Bi, 

H]b,2 

It] oh 

171 POL 

111 STATUS 
3nc 


ill' 

NC X NO INTERNAL CONNECTION 


ORDERING INFORMATION 


Temperature 

Part No. 

Package Range 

TC804CLS 

68-pin PLCC O^C to +70°C 

TC804CBQ 

60-pin Plastic 0°C to -i-70°C 


Surface Mount 


TC804ILS 

68-pin PLCC -aS^C to +85''C 


ABSOLUTE MAXIMUM RATINGS 


Positive Supply Voltage (V+).■f6.2V 

Negative Supply Voltage (V-).-9.0V 

Analog Input Voltage Range (Note 1).V+ to V- 

Reference Input Voltage Range.V+ to V- 

Digital Input or Output 

(Note 2).V+ to DGND-0.3 

Power Dissipation (Note 3)..1W @ +85°C 

Operating Temperature 

Commercial..0°C to 70°C 

Industrial.-25°C to +85°C 

Storage Temperature.-65°C to -i-150°C 

Lead Temperature (60 sec.).-i-300°C 


NOTE: All devices contain diodes to protect inputs against damage due to 
high-static voltages or electric fields. Hov/ever, it is advised precautions be 
taken not to exceed maximum recommended input voltages. All unused 
inputs must be connected to an appropriate logic level (Vqd or GND). 
Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 

NOTES: 1. Inputvoltagesmay exceed supply voltages if input current is 
limited to ±100 p-A. 

2. Connecting any digital inputs or outputs to voltages greater 
than y* or less than GND may cause destructive device latch- 
up. Therefore, it is recommended that inputs from sources 
other than the same power supply should not be applied to 
theTC804 before its power supply is established. In multiple 
supply systems, the supply to the device should be activated 
first. 

3. This limitrefersto that of the packageand will not occurduring 
normal operation. 
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ELECTRICAL CHARACTERISTICS: V+ = 5V, V- = -5V, 15 Conversions/Sec, 1 MHz Crystal, Ta = 25°C 

(unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Analog Multiplexer Section 





rosON 

On Resistance 


— 

5.0 

7.5 

KQ 



-25°C < Ta < 85°C 

— 

7.0 

10 


tBM 

Break-before-Make 


250 

450 

_ 

nSec 

tAD 

Address Delay, Transparent 


— 

150 

180 

nSec 

tww 

Address Set-up, Write 


50 

— 

70 

nSec 

tWR 

Write Delay 


— 

600 

650 

nSec 



-25°C < Ta < 85°C 

— 

650 

750 


CORR 

Channel Off Rejection Ratio 

fiN = 10Hz 

— 

100 

— 

dB 

Converter Section 


Zero Input Reading 

V|N = 0, Vfs = 409.6mV 

00016 

000i6 

000i6 

Count 


Ratiometric Reading 

ViN = Vref = 204.8mV 


7FFi6 


Count 

NLE 

Non-linearity Error 

Vfs = 204.8 or 409.6mV 

-1 

±0.2 

1 

Count 

ROE 

Roll-over Error 

Vfs = 204.8 or 409.6mV 

-1 

±0.2 

1 

Count 

CMRR 

Common-mode 

VcM = ±lV, V,N = 0V 

— 

50 

100 

pVA/ 


Rejection Ratio 






VcMR 

Common-mode Voltage Range 


V-+1.5 

— 

v-f- -1.5 

V 

Vn 

Noise (aver, pk-pk) 


— 

15 

50 

pV 

l|L 

Input Leakage Current 

Ta = 25°C 


20 

45 

pA 



0°C < Ta < 70°C 

— 

100 

200 




-25°C< Ta < 85°C 

— 

150 

300 


TCo 

Zero Reading Drift 

0°C < Ta < 70°C 

— 

0.2 

1.0 

pV/°C 



-25°C < Ta < 85*^0 

— 

0.8 

2.0 


TCfs 

Full-scale Gain Tempco 

0°C < Ta < 70°C 

— 

1 

5 

ppm/°C 



-25°C < Ta < 85°C 

— 

7 

15 



Over Range Recovery 

Vfs = 204.8mV 

— 

±1 

±2 

Count 


(Next Conversion) 







Supply/Reference Section 


V-h 

Positive Supply Voltage 


4.5 

5.0 

5.5 

V 

V- 

Negative Supply Voltage 


-4.5 

-5.0 

-5.5 

V 

l-H 

Supply Current V+ to GND 

-25‘>C < Ta < 85^C 

— 

1.5 

2.0 

2.0 

2.5 

mA 

1- 

Supply Current V- to GND 

-25°C < Ta < 85*^0 

— 

-1.5 

-2.0 

-2.0 

-2.5 

mA 

Vref 

Reference Voltage 

(w/ respect to V+) 

-2.8 

-3.0 

-3.2 

V 

TCref 

Reference Voltage Tempco 

0® < TA < 70°C 
-25®C < Ta < 85‘^C 

— 

25 

30 

50 

75 

ppm/°C 

Digital Section 

VoH 

Output High (SYSCLK, SIP) 

loL = “1 OOpA 

— 

4.5 

— 

V 

VoH 

Output High (B 1 -B 12 , OR, 

POL, STATUS) 

loL = “1 OOpA 

3.5 

4.7 

— 

V 

VoL 

Output Low (SYSCLK, SIP) 

loL = 0.5mA 

— 

0.2 

— 

V 

VoL 

Output Low (B 1 -B 12 , OR, 

POL STATUS) 

loL = 1.6mA 

— 

0.2 

0.4 

V 

•OL 

Output Leakage 
(High Impedance) 

B 1 -B 12 , OR, STATUS 

— 

.01 

1.0 

pA 
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ELECTRICAL CHARACTERISTICS (Cont.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Digital Section (Cont.) 






Control I/O Loading 

LBEN, HBEN, OE 

— 

— 

50 

PF 

ViH 

Input High Voltage 


2.5 

— 

— 

V 

V|L 

Input Low Voltage 


— 

— 

1 

V 

Ipu 

Input Pull-up Current 

(All except?^) 

— 

30 

— 

pA 


TEST 


— 

100 

— 

pA 

IPD 

Input Pull-down Current Mode 


— 

30 

— 

pA 

tw 

Mode Input Pulse Width 


— 

50 

! 

nSec 


WR. WE 






Oscillator Section 

tosc 

Frequency of Oscillation 


0.8 

1.0 

5.0 

MHz 

OSCoH 

Output Current High 


— 

1 

2.0 

mA 

OSCoL 

Output Current Low 


— 

1.5 

3.0 

mA 


ANALOG MULTIPLEXER TIMING DIAGRAM 



Transparent Mode 
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PIN DESCRIPTION 

60-Pin 

Flat 

Pack 

68-Pln 

PLCC 

Symbol 

Description 


1 

62 

DGND 

Digital Ground, OV, Ground return for all input and output logic. 


2 

63 

TEST 

Input HIGH—Normal operation, Input LOW—Force all bits high. (For test 
purposes only.) 


3 

64 

INT/BCf 

Oscillator Select: Input HIGH—Select Crystal Oscillator 

Input LOW—Select External Oscillator Input 


4 

65 

OSCi 

Crystal or Clock input 


5 

66 

OSCo 

Crystal 


6 

67 

SYSCLK 

System Clock—buffered system clock output 


7 

68 

FSo 

Conversion Rate (Bit 0) 


8 

1 

FSi 

Conversion Rate (Bit 1) 


9 

2 

SIP 

Signal Integrate Phase 


10 

3 

RUN/HOLD 

Run or Hold: Input HIGH—Performs continuous conversions, 

Input LOW—Converter will stop in Auto-Zero. 


11 

4 

SGL/DIF 

Analog Mux Mode: Input HIGH—Select 8 Channel, Single-ended, 

Input LOW—Select 4 Channel, Differential. 


12 

5 

WE 

Write Enable: Input HIGH—Multiplexer Address Write Disabled, 

Input LOW—Multiplexer Address Write Enabled 


13 

6 

WR 

Write: Input HIGH—Multiplexer Address Latched, 

Input LOW—Multiplexer Address Enabled 


14 

7 


Reset Latch: Input HIGH—Multiplexer Enabled, 

Input LOW—Multiplexer Disabled 


15 

8 

A2 

Analog Multiplexer Address (Bit 2, Latchable) 


16 

11 

Ai 

Analog Multiplexer Address (Bit 1, Latchable) 


17 

12 

Ao 

Analog Multiplexer Address (Bit 0, Latchable) 


18 

13 

EN 

Analog Multiplexer Enable (Address Oualifier, Latchable) 


19 

14 

V- 

Negative Supply Voltage 


20 

15 

CH8+/CH4- 

Analog High (Chan. 8)/Analog Low (Chan. 4) 


21 

16 

CH7+/CH3- 

Analog High (Chan. 7)/Analog Low (Chan. 3) 


22 

17 

CH6-I-/CH2- 

Analog High (Chan. 6)/Analog Low (Chan. 2) 


23 

18 

CH5+/CH1- 

Analog High (Chan. 5)/Analog Low (Chan. 1) 


24 

19 

V|N- 

Mux Out/Analog in (Low) 


25 

20 

ANALOG 

COMMON 

Internal ground reference for analog circuits 


26 

21 

VlN+ 

Mux Out/Analog In (High) 


27 

22 

CH4+ 

Analog High (Chan. 4) 


28 

23 

CH3-I- 

Analog High (Chan. 3) 


29 

24 

CH2+ 

Analog High (Chan. 2) 


30 

25 

CH1 + 

Analog High (Chan. 1) 


31 

28 

Vref+ 

Reference Voltage High 


32 

29 

Cref+ 

Reference Capacitor High 


33 

30 

Cref- 

Reference Capacitor Low 


34 

31 

Vref- 

Reference Voltage Low 


35 

32 

BUF,n 

Buffer Input 


36 

33 

BUFout 

Buffer Output 


37 

34 

Caz 

Auto Zero Capacitor 
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PIN DESCRIPTION (Cont.) 

60-Pin 

Flat 

Pack 

68-Pin 

PLCC 

Symbol 

Description 

38 

35 

Vint 

Integrator Output 

39 

36 

V+ 

Positive Supply Voltage 

40 

37 

REFout 

Reference Output 

41 

38 

DRQST 

Data Request, Input 

42 

39 

OE 

Output Enable, Inputf^VOutput^^) 

43 

40 

LBEN 

Low Byte Enable, Inputf^VOutput^^^ 

44 

41 

HBEN 

High Byte Enable, lnputf‘'VOutput(2) 

45 

42 

MODE 

Mode Select, Input: LOW—Direct Output Mode^^ 

HIGH—Hand Shake Mode(2) 

46 

45 

STATUS 

Status Bit, Output: HIGH during Integrate and Deintegrate until data is latched, 

LOW during Auto-Zero and Integrate-Zero 

47 

46 

POL 

Polarity Bit, Output: HIGH—Positive, 

LOW—Negative 

48 

47 

OR 

Over Range Bit, Output: HIGH—Overrange, 

LOW—Non-Overrange 

49 

48 

Bi2 

Data Bit 12 (Most Significant Data Bit) 

50 

49 

Bii 

Data Bit 11 

51 

50 

Bio 

Data Bit 10 

52 

51 

Bg 

Data Bit 9 

53 

52 

Ba 

Data Bit 8 (STATUS in High Byte of 8-bit BUS Mode. See Text) 

54 

53 

By 

Data Bit 7 

55 

54 

Be 

Data Bit 6 

56 

55 

Bs 

Data Bit 5 

57 

56 

B4 

Data Bit 4 

58 

57 

Ba 

Data Bit 3 

59 

58 

B2 

Data Bit 2 

60 

59 

Bi 

Data Bit 1, (Least Significant Bit) 


NOTES: 1. Direct Output Mode (MODE = 0) 
2. Handshake Mode (Mode = 1) 
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MODE SELECTION AND DATA TRANSFER 
INTERFACING (All pin references are to PLCC 
package) 

The direct output mode is a fully complemented micro¬ 
processor interface which can support either an 8 or 16 bit 
data bus. The microprocessor programming has direct 
control over the data transfer technique. The status bit 
(STATUS) from the TC804 supplies the information to the 
microprocessor to insure proper timing and data handling. 

The TC804 will be in the direct output mode as long as 
the MODE input is LOW. An internal pull-down resistor 
insures that this is the default mode if it is left unconnected. 

When the TC804 Is in the Indirect mode, OUTPUT 
ENABLE (OE), LOW B YTE ENABLE (LBEN) and HIGH 
BYTE ENABLE (HBEN) become inputs. These inputs are 
then used to control the data transfer. The DATA REQUEST 
(DRQST) input is not used and should be tied HIGH, (see 
“DIRECT Interfacing”) 

Direct Output Mode Data Transfer 

The low order byte (bits 1 through 8) and the high order 
byte (bits 9 through 12 plus the polarity and overran ge bits) 
are access ible under control of OE (pin 38), LBEN (pin 40) 
and HBEN (pin 41). These three Inputs are all active LOW. 
Internal pullup resistors are provided for an Inactive HIGH 
when l eft ope n. A LO W on OE will permit a LOW on input 
HBEN and/or LBEN to output data to the bus. A LOW on 
HBEN selects the 6-bit high data byte, a LO W on LB EN 
select s the 8-bit low data byte and a LOW on both HBEN and 
LBEN selects the whole 14-bit data word. 

The access of data should be synchronized with the 
conversion cycle by monitoring the STATUS output (pin 45). 
This will prevent accessing the data while it Is being updated. 


TC804 


Stat us can also be read on the B8 output when HBEN is low 
and LBEN is high. 

INTERFACING 
Direct Mode 

Combinations of chip enable and byte enable control 
signals which may be used when interfacing^ TC804 to 
parallel data lines are shown in Figure 2. The OE input may 
be tied low, allowing either byte to be co ntrolled by it s own 
enable (Figure 2A). Figure 2B shows the HBEN and LBEN 
as flag Inputs, and OE as a master enable, which could be 
the READ strobe available from most microprocessors. 
Figure 2C shows a configuration where the two byte enables 
are co nnec ted tog ether. The OE is a chip select, and the 
HBEN and LBEN may be used as a second chip select or 
connected to ground. 




Figure 2 Direct Mode Chip and Byte Enable Combinations 
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DIRECT MODE TRUTH TABLE 


inputs 

Outputs 

MODE 

DRQST* 

6e 

LBEN 

HBEN 

STATUS 

Bi-Bs 

B9~Bi2, or, POL 

0 

1 

1 

X 

X 

1 

high Z 

highZ 

0 

1 

0 

0 

0 

0 

low byte 

high byte 

0 

1 

0 

1 

0 

0 

high T* 

high byte 

0 

1 

0 

0 

1 

0 

low byte 

highZ 

0 

1 

X 

1 

1 

0 

highZ 

high Z 


‘DRQST should be tied high. 

“Output B8 is active, and reflects the converter status. This permits the status to be monitored without requiring a separate jiP input pin for the STATUS output (pin 45). 


Table 1. TC804 Direct Mode Timing Requirements 


Symbol 

Description 

Min 

Typ 

Max 

Units 

tBEA 

Byte Enable Width 

200 

500 


ns 

tOAB 

Data Access Time 
From Byte Enable 


150 

300 

ns 

tOHB 

Data Hold Time 

From Byte Enable 


150 

300 

ns 

tCEA 

Chip Enable Width 

300 

500 


ns 

toAC 

Data Access Time 
From Chip Enable 


200 

400 

ns 

tOHC 

Data Hold Time 

From Chip Enable 


200 

400 

ns 


2-38 







12-BIT iiP-COMPATIBLE 
MULTIPLEXED A/D CONVERTER 


TC804 


^ ADDRESS BUS ^ 



_^ 



CONTROL BUS 






U 


□ 


U 


u 




DATA BUS 




_^ 


ANALOG 

SELECT 




ANALOG 

IN 


nZL 








MODE 

OE 

. 

RD WR 

D7-D0 A0-A1 


B9-B12 
POL, OR 


PA 5 -PA 0 

CS 


RUN/HOLb 



8255 

TC804 

B1-B8 


PB 7 -PB 0 

(MODE 0 ) 


STATUS 

(FLAG) 

PCs 


HBEN 

LBEN 









87C48 
8008, 8080, 
8085, 8048, ETC. 


Figure 3 Full-Time Parallel interface to MCS-48, -80, -85 Microcomputer 


Handshake Mode (MODE = 1 orjl,) 

The handshake mode is an alternative means of inter¬ 
facing the TC804 to digital systems. It provides a means for 
having the TC804 become active in controlling the flow of 
data. This mode allows a direct interface between the TC804 
and standard UART’s with no external logic required. The 
TC804 provides all the control and flag signals necessary to 
sequence the data into the UART and initiate the serial 
transmission. 

The handshake mode is activated when the MODE 
input pin is held high. The data transfer sequence is started 
at the end of the conversion cycle and after new data has 
been stored in the output latches. 

The data transfer sequence may also be initiated at any 
time during the conversion cycle by a positive going pulse 
applied to the MODE pin. If the low to high transition occurs 
while new data is being stored, the entry into the handshake 
mode is delayed until the data is stable. 

Whenever the handshake mode has been activated, 
OUTPUT ENABLE (OE), LOW BYTE ENABLE (LBEN) and 
HIGH BYTE ENABLE (HBEN) become outputs. These 
outputs are then used to ‘Talk to” the UART. The DATA 
REQUEST (DRQST) input is used by the UART to transfer 
data, (see “UART Interfacing”) 


Handshake Mode Data Transfer 

The TC804 actively controls the data transfer to periph¬ 
erals through the h andsh ake data tra nsfer m ode. In this 
mode, OE (pin 38), LBEN (pin 40) and HBEN (pin 41) are 
each TTL compatible outputs. A LOW on OE sig nals th at 
valid d ata is available for the peripheral. A LOW on HBEN or 
LBEN indicates which data byte is being transferred. A HIGH 
input to the TC804 on DRQST (pin 38) initializes the data 
transfer. The high byte is transferred first followed by the low 
byte. Data DRQST may be taken LOW to delay the transfer 
between data bytes. 

Handshake output sequences may be performed on 
demand by triggering the converter into handshake mode 
with a low to high edge on the MODE input. A handshake 
output sequence triggered is shown in Figure 5. The DRQST 
input is low when the converter enters handshake mode. 
The whole output sequence is controlled by the DRQST 
input, and the sequence for the first (high order) byte is 
similar to the sequence for the second byte. 

These diagrams also show that the output sequence 
can take longer than a conversion cycle. New data will not 
be latched when the handshake mode is still in progress and 
is therefore lost. 
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HANDSHAKE MODE TRUTH TABLE 


Inputs 

Outputs 

MODE^ 

DRQST 

0E2 

LBEN 

HBEN 

STATUS 

Bi-Bs 

Bg— Bi2j or, POL 

1 

0 

1 

1 

1 

1 

highZ 

highZ 

X 

1 


1 

0 

0 

high Z 

high byte 

X 

0 

1 

1 

0 

0 

HighZ 

high byte 

X 

1 

-TX 

0 

1 

0 

low byte 

highZ 

X 

1 

1 

1 

1 

0 

highZ 

high Z 


NOTES: 1. MODE pulsed high or held high 
2. Data strobe 



Figure 4 Handshake Interface—TC804 to MCS-48, -80, -85 
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Figure 6 TC804 Handshake—Typical UART Interface Timing 
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TC804 ANALOG MULTIPLEXER 


The on-board analog multiplexer can be configured for 
eight channel, single-ended Input or for four channel, differ¬ 
ential input. The signal/differential input (SIG/DIF) selects 
the configuration. The eight channel mode is selected when 
SIG/DIF (pin 4) is tied HIGH and the four channel mode is 
selected when SIG/DIF is tied LOW. Either mode of opera¬ 
tion permits both latched and transparent addressing. 

ANALOG MULTIPLEXER TRUTH TABLE 


A LOW on the reset input (RST) or writing a low into the 
enable input (EN) opens all (4 or 8) channels which permits 
direct input through the dedicated analog inputs {Vin+ and 
V|N-). An external analog multiplexer may be used instead 
of the Internal multiplexer or in conjunction with it. (See 
“Analog Multiplexer Expansion”). 


SGL/DIF 

WE 

WR 

RST 

EN 

A2 

Ai 

Ao 

Converter Input 

Note 

X ' 

X 

X 

0 

X 

X 

X 

X 

V|N+ 

ViN- 

(1) 

X 

0 

0 

X 

0 

X 

X 

X 

VlN+ 

Vin- 

(1) 

X 

X 

1 

1 

X 

X 

X 

X 

no change 

(2) 

X 

1 

X 

1 

X 

X 

X 

X 

no change 

(2) 


X = don't care 

NOTES: 1. Analog multiplexer disables. Vin+ and V|n- are inputs to the A/D converter. 

2. Analog channel address is latched. Vin+ and Vin- are the outputs of the multiplexer as well as the inputs to the A/D converter. The multiplexer channel selection 
cannot be changed if either WE or WR is HIGH. 


EIGHT CHANNEL OPERATION (SGL/DIF = 1) 

Each of the single-ended inputs is referenced to V|n- and must comply with the same common-mode input. 


SGL/DIF 

WE 

WR 

RST 

EN 

A 2 Ai Ao 

Converter Input 

1 

0 

0 

1 

1 

3-bit address 

CHN+ V|N- 

1 

0 

_r 

1 

1 

3-bit address 

CHN+ V|N- 

1 

_r i 

0 

1 

1 

3-bit address 

CHN+ Vin- 


N = 1 thru 8 (Ao, Ai, A 2 ) 


FOUR CHANNEL OPERATION (SGL/DIF = 0) 

Bit 3 of the multiplexer address (A 2 ) has no function when the four channel mode is selected. Each Input is independently 
differential and may have different common-mode offsets. 


SGL/DIF 

WE 

WR 

RST 

EN 

A 2 

0 

< 

< 

Converter Input 

0 

0 

0 

1 

1 I 

X 

2-bit address 

CHN+ 

CHN- 

0 

0 

_r 

1 

1 

X 

2-bit address 

CHN+ 

CHN- 

0 

_r 

0 

1 

1 

X 

2-bit address 

CHN+ 

CHN- 


X = don't care, N = 1 thru 4 (Ao, Ai) 
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ANALOG MULTIPLEXER ADDRESSING (all pin 
references are to PLCC package) 

Single-Ended/Differential (SIG/DIF, pin 4) 

If SIG/dTf is HIGH th^the 8-channel, single-ended 
mode is selected. If SIG/DIF is LOW then the 4-channel, 
differential mode is selected. 

The analog multiplexer has an internal address 
demultiplexer which is configured as either a “2 of 8” for 4- 
channel operation or as a “1 of 8” for 8-channel operation. 

Write (WR, pin 6) 

The WR input may be held LOW in order to employ 
transparent address operation. In transparent operation, the 
multiplexer switches respond directly to the Inputs on the 
address lines (Ao, Ai, A 2 ) and Enable input (EN, pin 13). 

The “latched” mode is entered whenever WR goes 
HIGH. The inputs on the address lines have no effect on the 
multiplexer switches until WR is pulsed LOW. These ad¬ 
dress lines may now be used for another purpose. 

Write Enable (WI, pin 5) 

The WE input must be LOW in order for the WR input to 
be enabled. The WE and WR Inputs are AND’ed internally. 

Enable (EN, pin 13) 

The EN input is like an address input in that it may also 
be latched in by a LOW to HIGH transition on the WR input. 


Reset (RST, pin 7) 

The RST input overrides all other Inputs to the analog 
multi plexe r. All of the multiplexer switches are open when¬ 
ever RST is LOW. 

ANALOG MULTIPLEXER EXPANSION 

The analog multiplexer section of the TC804 may be 
expanded by using an external multiplexer either in conjunc¬ 
tion with, or Instead of, the internal multiplexer. 

The external multiplexer may be selected at any time 
when the internal multip lexer is disconnected: 

A LOW on the RST input or writing a logic LOW into the 
enable bit (EN, WR, and WE are LOW) will disconnect the 
Internal multiplexer output from the analog input to the 
TC804 converter. 

_If an external analog multiplexer is to be used alone then 

RST should be tied LOW. If an external analog multiplexer 
is to be used in conjunction with the on-board multiplexer, 
EN should be used to switch between multiplexers. 


TC804 


ANALOG SECTION (all pin references are to PLCC 
package) 

The analog section of the TC804 will perform conver¬ 
sions at a rate determined by the clock frequency and the 
inputs to the Conversion Rate Selection (bit 0, pin 7 and bit 
1, pin 8). (See Conversion Rate table page 20). 

Each measurement cycle is divided into four phases. 
They are: 1) Auto-Zero (AZ), 2) Signal Integrate (INT), 3) 
Reference Deintegrate (DE) and 4) Zero Integrate (Zl). 

1) Auto-Zero 

The Auto-Zero phase has a duration of from 2048 to 
6144 counts. During this phase, the analog input signal and 
reference voltage are disconnected from the analog section. 
The Auto-Zero capacitor (Caz) is charged to a value which 
represents the total system offsets. The charge on Caz will 
then be used to compensate the input during the signal 
integrate (INT) and the reference deintegrate (DE) phases. 

This phase Is also used to charge the reference capaci¬ 
tor (Cref) to the value of the reference voltage. 

2) Signal Integrate 

The Signal Integrate phase is selected for 2048 counts 
(Integrate Count). During this phase, the analog input signal 
is connected to the input of the buffer amplifier. The integrat¬ 
ing amplifier will charge the integrate capacitor (Cint) at a 
rate determined by the value of the Input signal. 

At the end of the signal Integrate phase, the voltage on 
Cint will be equal to: 

V|nt = V|nx Integrate Count x fcLOCK (equ i) 

Hint • Cint 

3) Reference Deintegrate 

The length of the Reference Deintegrate phase is deter¬ 
mined by the absolute value of the voltage on Cint at the end 
of the Signal Integrate phase, (i.e. Vint)- The reference 
capacitor (Cref) is connected to the Input of the buffer 
amplifier in the opposite phase of the input signal. The 
integrating amplifier will then cause the integrate capacitor 
(Cint) to start discharging at a constant rate. This rate is 
determined by the value of the reference voltage. The 12-bit 
counter counts clock pulses during this phase and stops 
when Cint is fully discharged (i.e. zero-crossing). 

The final count of the 12-bit counter is the binary value 
of the input signal and is equal to: 

Deintegrate Count = x (equ 2) 
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4) Zero Integrate 

The Zero-1 integrate phase is invoked only when an 
overrange has occurred. It has a duration of up to 1024 
counts. This phase is used to completely discharge Caz and 
CiNT prior to the Auto-Zero phase. This insures that there is 
no residual charge on either capacitor which may cause a 
false auto-zero. 

Dual Slope Conversion Equation 

(combine equ 1 and equ 2) 

V|N 

Deintegrate Count = Vref ^ Integrate Count 

DETAILED DESCRIPTION 
Analog Section 

The Functional Diagram shows a block diagram of the 
Analog Section of the TC804. The circuit will perform con¬ 
versions at a rate determined by the cloc k frequ ency (8192 
clock periods per cycle), when the RUN/HOLD input Is left 
open or connected to V+. Each measurement cycle is 
divided into four phases as shown in Figure 8. They are: (1) 
Auto-Zero (AZ), (2) Signal Integrate (INT), (3) Reference 
Deintegrate (DE), and (4) Zero Integrator (Zl). 

Auto-Zero Phase (AZ) 

The buffer and the integrator inputs are disconnected 
from Input high and input low and connected to analog 
common. The reference capacitor is charged to the refer¬ 
ence voltage. A feedback loop Is closed around the system 
to charge the auto-zero capacitor, Caz, to compensate for 
offset voltage In the buffer amplifier. Integrator, and com¬ 
parator. Since the comparator is included in the loop, the AZ 
accuracy is limited only by the noise of the system. The offset 
referred to the input is less than 10pV. 

Signal integrate Phase (SI) 

The buffer and integrator inputs are removed from 
COMMON and connected to input high and input low. The 
auto-zero loop is opened. The auto-zero capacitor is placed 
in series In the loop to provide an equal and opposite 
compensating offset voltage. The differential voltage be¬ 
tween input high and input low is integrated for a fixed time 
of 2048 clock periods. At the end of this phase, the polarity 
of the integrated signal Is determined. If the input signal has 
no return to the converter power supply, input low can be tied 
to analog common to establish the correct common-mode 
voltage. 


De-Integrate Phase (Dl) 

Input high is connected across the previously charged 
reference capacitor and input low is Internally connected to 
analog common. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to cause 
the integrator output to return to the zero crossing (estab¬ 
lished by AUTO-ZERO) with a fixed slope. The time, repre¬ 
sented by the number of clock periods counted for the output 
to return to zero, is proportional to the input signal. 

Zero-Integrator Phase (Zl) 

The Zl phase only occurs when an input overrange 
condition exists. The function of the Zl phase is to eliminate 
residual charge on the integrator capacitor after an overrange 
measurement. Unless removed, the residual charge will be 
transferred to the auto-zero capacitor and cause an error In 
the succeeding conversion. 

The Zl phase virtually eliminates hysteresis or “cross 
talk” in multiplexed systems. An overrange input on one 
channel will not cause an error on the next channel mea¬ 
sured. This feature Is especially useful in thermocouple 
measurements, where unused (or broken thermocouple) 
inputs are pulled to the positive supply rail. 

During Zl, the reference capacitor is charged to the 
reference voltage. The signal inputs are disconnected from 
the buffer and integrator. The comparator output is con¬ 
nected to the buffer input, causing the integrator output to be 
driven rapidly to OV (Figure 8). The Zl phase only occurs 
following an overrange and lasts for a maximum of 1024 
clock periods. 

Differential Input 

The TC804 has been optimized for operation with ana¬ 
log-common near digital ground. With +5V and -5V power 
supplies, a full ±4V full-scale Integrator swing maximizes the 
analog section’s performance. 

Atypical CMRR of 86dB is achieved for input differential 
voltages anywhere within the typical common-mode range 
of 1.0 Volts below the positive supply to 1.5 Volts above the 
negative supply. However, for optimum performance the 
V|N+ and V|N- inputs should not come within 2V of either 
supply rail. Since the integrator also swings with the com¬ 
mon-mode voltage, care must be exercised to assure the 
integrator does not saturate. A worst case condition is near 
a full-scale negative differential input voltage with a large 
positive common-mode voltage. The negative input signal 
drives the integrator positive when most of its swing has 
been used up by the positive common-mode voltage. In 
such cases, the integrator swing can be reduced to less than 
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the recommended ±4V full-scale value, with some loss of 
accuracy. The integrator output can swing to within 0.3 Volts 
of either supply without loss of linearity. 

Differential Reference 

The reference voltage can be generated anywhere 
within the power supply voltage of the converter. Rollover 
voltage is the main source of common-mode error. It is 
caused by the reference capacitor losing or gaining charge 
due to stray capacity on its nodes. With a large common¬ 
mode voltage, the reference capacitor can gain charge 
(Increase voltage) when called upon to deintegrate a 
positive signal and lose charge (decrease voltage) when 
called upon to deintegrate a negative input signal. This 
difference in reference for (+) or (-) input voltage will cause 
a roll-over error. This error can be held to less than 0.5 count 
worst case by using a large reference capacitor in compari¬ 
son to the stray capacitance. To minimize roll-over error 
from these above sources keep the reference common¬ 
mode voltage near or at analog common. 

Digital Section 

The digital section is shown in the block diagram, 
(Figure 9), and includes the clock oscillator and scaling 
circuit, a 12-bit binary counter with output latches and TTL- 
compatible three-state output drivers, UART handshake 
logic, polarity, overrange and control logic. 

Inputs driven from TTL gates should have 3-5Ka pull- 
up resistors added for maximum noise immunity. For mini¬ 
mum power consumption, all Inputs should swing from GND 
(low) to V+ (high). 

STATUS Output 

During a conversion cycle, the STATUS output goes 
high at the beginning of Signal Integrate and goes low one- 
half clock period after new data from the conversion has 
been stored In the output latches. See Figure 8. The signal 
may be used as a “data valid” flag to drive interrupts, or for 
monitoring the status of the converter. (Data will not change 
while STATUS is lovy). Status is also output on Data B it 8, 
when the TC804 is in direct mode (Mode = 0, LBEN = 1, 
HBEN = 0). 

MODE input 

The output mode of the converter is controlled by the 
MODE Input. The converter is in Its “Direct” output mode, 
when the MODE pin is low or left open. The output data is 
directly accessible under the control of the chip and byte 
enable inputs (this input Is provided with a pull-down resistor 
to ensure a low level when the pin is left open). When the 
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MODE Input is pulsed high, the converter enters the UART 
handshake mode and outputs the data in two bytes, then 
returns to “direct” mode. When the MODE input is kept high, 
the converter will output data in the handshake mode at the 
end of every conversion cycle. With MODE = 0 (Direct BUS 
Transfer) the DRQST input should be tied to V+. (See 
Flandshake Mode Section). 


RUN/HOLD Input 

With RUN/FIOLD high or open, the circuit operates 
normally as a dual slope A/D as shown in Figure 8. Conver¬ 
sion cycles operate continuously with the output latches 
updated after zero crossing in the deintegrate mode. An 
internal pull-up resistor is provided to insure a high level with 
an open Input._ 

The RUN/HO LD ma y be used to shorten conversion 
time. If the RUN/HOLD goes low at anytime after zero 
crossing in the de-integrate mode, the circuit will jump to 
auto-zero and eliminate that portion of time normally spent 
in de-integr ate. 

If RUN/HOLD stays or goes low the conversion will 
complete with minimum time in de-integrate. It will stay in 
auto-zero for the minim um time and wait in auto-zero for a 
high in the RUN/HOLD input. As shown In Figure 10, the 
STATU S output will go high seven clock periods after RUN/ 
FIOLD is changed to high, and the converter will begin the 
integrate pha se of t he next conversion. 

The RUN/HOLD input allows controlled conversion in- 
terfac e. The converter may be held at idle in auto-zero with 
RUN/F IOLD low. The conversion is started when RUN/ 
HOLD goes high and the new data is valid when the 
STATUS output goes low (o r is tran sferred to the UART— 
see Handshake Mode). Run/HOLD may now go low, termi¬ 
nating deintegrate and ensuring a minimum auto-zero time 
before stopping to wait for the next conver sion. C onversion 
time can be minimized by ensuring RUN/HOLD goes low 
during deintegrate, after zero crossing, and goes high after 
the hol d point is reached. The required activity on the RUN/ 
HOLD input can be provided by connecting it to the Buffered 
Oscillator output. In this mode, the input value measured 
determines the conversion time. 

Signal Integrate Phase (SIP) Output 

The SIP output is high when the TC804 is in the Signal 
integrate phase of a conversion. SIP should be used to 
control multiplexer address changes. The falling edge of SIP 
indicates that the TC804 has completed signal integration 
for the current conversion cycle, and that the analog input 
can be changed. Changing the multiplexer address on the 
falling edge of SIP will guarantee maximum analog input 
signal settling time before the next conversion. 
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Oscillator 

The TC804 is designed to operate with an internal 
crystal oscillator or with an e xtern al clock. The oscillator 
mode is selected with the I NT/EXT input. A programmable 
divider permits control of the conversion rate, using hard¬ 
ware or software, over a range of 8 to 1. _ 

For external oscillator operation, the INT/EXT input is 
connected to DGND. The external oscillator is connected to 
the OSC1 input, as shown in Figure 10. The oscillator signal 
should swing from DGND to V+. The ADC system clock 
frequency will be the oscillator frequency divided by the 
value selected by th e freq uency select divider. 

Connecting INT/EXT to V+ enables the internal crystal 
oscillator. Two on-chip capacitors and a feedback device 


are added to the oscillator, as shown In Figure 11. A crystal 
Is then connected to the OSC1 and OSCO Inputs. In this 
configuration, the oscillator will operate with most crystals in 
the 1 to 5 MHz range. 

The conversion rate is pin programmable, using the FSO 
and FS1 Inputs. The frequency select divider will divide the 
oscillator frequency by 2, 4, 8 or 16. The buffered ADC 
system clock is available at the SYSCLK output. Divider 
values can be hard-wired or jumper selected, or can be 
controlled by software via two bits of a pP output port. The 
divider truth table Is shown In Figure 12. 


DE TERMINATED 


INTEGRATOR OUTPUT 
INTERNAL CLOCK 
INTERNAL LATCH 

STATUS OUTPUT 
RUN/HOLD INPUT 



PHASE 1 

◄- ► 


-u^ 

uinnnj 
1 _ 

— y 


*NOTE: RUN/HOLD input is ignored until end of auto-zero phase. 


STATIC IN 
! HOLD STATE 

INT_ 
PHASE II 

rCOUNTS - 


Figure 7 TC804 RUN/HOLD Operation 



OSCILLATOR 

INPUT 



Figure 10 External Oscillator Connection 


Figure 11 TC804 Crystal Oscillator 
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INTEGRATOR OUTPUT 
FOR OVERRANGE INPUT 


INTEGRATOR OUTPUT 
FOR NORMAL INPUT 


INTERNAL CLOCK 


INTEGRATOR 

SATURATES 


NO ZERO ^ 
CROSSING 
ZERO CROSSING 
^OCCURS 

ZERO CROSSING 
/DECTECTED 

r DEINT ^ 
PHASE III 


ZERO INTEGRATOR 
PHASE FORCES 
INTEGRATOR 
OUTPUT TO OV 


INTERNAL LATCH 
STATUS OUTPUT 


2048 

-COUNTS- 

MIN 


FIXED 
- 2048 — 
COUNTS 


NUMBER OF COUNTS TO ZERO CROSSING 
PROPORTIONAL TO V,m ' 


4096 

-COUNTS-► 

MAX I 

. AFTER ZERO CROSSING, ANALOG SECTION 
WILL BE IN AUTO-ZERO CONFIGURATION 


Figure 8 Conversion Timing (RUN/HOLD Pin High) 


L-_ HIGH ORDER 

BYTE OUTPUTS 

POL OR fl 


. LOW ORDER 
BYTE OUTPUTS 


BB BBBBBBBB 
10 918765432 1 



12-B IT COUNTER 


1 CONVERSION 
□CONTROL LOGIC 


STATUS RUN/ 
HOLD 


CLOCK 

OSCILLATOR 


OSC2 OSC1 mi 
EXT 


PROGRAMMABLE 

DIVIDER 


FSO FS1 SYSCLK 


HANDSHAKE 

LOGIC 


MODE DRQST 


Figure 9 Digital Section 
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Test Input 

The counter and its outputs may be tested easily. When 
the TEST input is connected to DGND, the internal clock is 
disabled, and the counter outputs are all forced into the high 
state. When the input returns to the 1/2 (V+-DGND) voltage 
or to V+ and one clock is input, the counter outputs will all be 
clocked to the low state. 

The counter output latches are enabled when the TEST 
input is taken to a level halfway between V+ and DGND 
allowing the counter contents to be examined anytime. 

Component Value Selection 

The integrator output swing for full-scale should be as 
large as possible. For example, with ±5V supplies and 
ANALOG COMMON connected to DGND, the nominal 
integrator output swing at full-scale is ±4V. Since the inte¬ 
grator output can go to 0.3V from either supply without 
significantly effecting linearity, a 4V integrator output swing 
allows 0.7V for variations In output swing due to component 
value and oscillator tolerances. With ±5V supplies and a 
common-mode voltage range of ±1V required, the compo¬ 
nent values should be selected to provide ±3V integrator 
output swing. Noise and rollover errors will be slightly worse 
than in the ±4V case. For large common-mode voltage 
ranges, the integrator output swing must be reduced further. 
This will increase both noise and rollover errors. To Improve 
the performance, ±6V supplies may be used. 



Figure 12 Recommended Component Values for VFS = 409.6mV. 
(See Table Following Page.) 


Integrating Capacitor 

The integrating capacitor Cint should be selected to 
give the maximum integrator output voltage swing that will 
not saturate the integrator to within 0.3V from either supply. 
A ±3.5V to ±4V integrator output swing is nominal for the 
TC804 with ±5V supplies and ANALOG COMMON con- 
nectedtoDGND. For7-1/2 conversions per second (61.72Hz 
internal clock frequency) nominal values Cint and Caz are 
O.ISpF and 0.33p,F, respectively. These values should be 
changed if different clock frequencies are used to maintain 
the integrator output voltage swing. The value of Cint is 
given by: 

(2048 X Clock Period) (20)jA) 

C|NT =-^- 

Integrator Output Voltage Swing (Vint) 

Integrating Converter Features 

The output of integrating A/D converters represents the 
integral or average of an input voltage over a fixed period of 
time. Compared with techniques in which the input is 
sampled and held, the Integrating converter will average the 
effects of noise. A second important characteristic is that 
time is used to quantise the answer, resulting in extremely 
small non-linearity errors and no missing output codes. The 
Integrating converter also has very good rejection of fre¬ 
quencies whose periods are an integral multiple of the 
measurement period. This feature can be used to advan¬ 
tage In reducing line frequency noise. (Figure 13.) 



0 .1/t 1/t 10/t 

INPUT FREQUENCY 


Figure 13 Normal Mode Rejection of Dual-Slope Converter 
as a Function of Frequency. 
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Conversion Rate 

FSi 

■n 

c/> 

o 

Rint 

Caz 

C|NT 

Rx 

60 Conv/Sec 

0 

0 

24K 

.033^ 

.015^1 

50Q 

30 Conv/Sec 

0 

1 

24K 

.068^ 

.033^1 

5on 

15 Conv/Sec 

1 

0 

24K 

0.15^1 

.068^1 

SOD 

7.5 Conv/Sec 

1 

1 

20K 

0.33^1 

0.15^1 

OD 


Multiply RINT by =50 for VFS = 2.048V. 


NOTES 



^A^TELEDYNE 

COMPONENTS 


TC850 


15-BIT, FAST-INTEGRATING CMOS ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

■ 15-bit Resolution Pius Sign Bit 

■ Up to 40 Conversions per Second 

■ 12 Conversions per Second Guaranteed 

■ Integrating ADC Technique 
— Monotonic 

— High Noise Immunity 
— Auto-Zeroed Amplifiers Eliminate Offset 


Trimming 

■ Wide Dynamic Range.96 dB 

■ Low Input Bias Current.30 pA 

■ Low Input Noise.30 pVp.p 


■ Sensitivity.100 pV 

■ Flexible Operational Control 

— Continuous or On-Demand Conversions 
— Data Valid Output 

■ Bus Compatible, 3-State Data Outputs 
— 8-Bit Data Bus 

— Simple pP Interface 
— Two Chip Enables 
— Read ADC Result Like Memory 

■ ±5V Power Supply Operation.20 mW 

■ 40-Pin Dual-in-Line or 44-Pin PLCC Packages 


FUNCTIONAL DIAGRAM 


IN^ 

IN“ 

COMMON 



OSC^ 


OSC 2 CONT/ UH OVR/ WR RD CS CE 
DEMAND POL 


DBO DB7 


1096-1 
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GENERAL DESCRIPTION 

The TC850 is a monolithic CMOS analog-to-digital 
converter (ADC) with resolution of 15 bits plus sign. It 
combines a chopper-stabilized buffer and integrator with a 
unique multiple-slope integration technique that increases 
conversion speed. The result is 16 times improvement in 
speed over previous 15-bit, monolithic integrating ADCs 
(from 2.5 conversions per sec up to 40 per sec). Faster 
conversion speed is especially welcome in systems with 
human interface, such as digital scales. 

The TC850 Incorporates an ADC and a pP-compatible 
digital interface. Only a voltage reference and a few noncrlti- 
cal passive components are required to form a complete 15- 
bit plus sign ADC. 

CMOS processing provides the TC850 with high- 
impedance differential inputs. Input bias current is typically 
only 30 pA, permitting direct interface to sensors. Input 
sensitivity of 100 pV per least significant bit (LSB) eliminates 
the need for precision external amplifiers. The internal 
amplifiers are auto-zeroed, guaranteeing a zero digital output 
with OV analog input. Zero adjustment potentiometers or 
calibrations are not required. 


The TC850 outputs data on an 8-bit, 3-state bus. Digital 
inputs are CMOS compatible; outputs are TTL7CMOS com¬ 
patible. Chip-enable and byte-select inputs combined with 
an end-of-conversion output ensures easy interfacing to a 
wide variety of microprocessors. Conversions can be per¬ 
formed continuously or on command. In continuous mode, 
data is read as three consecutive bytes and manipulation of 
address lines is not required. 

Operating from ±5V supplies, the TC850 dissipates only 
20 mW. It is packaged in 40-pin plastic or ceramic dual-in¬ 
line packages (DIPs) and in a 44-pin plastic leaded chip 
carrier (PLCC), surface-mount package. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature Range 

TC850CLW 

44-Pin PLCC 

O^C to -»-70°C 

TC850CPL 

40-Pin Plastic DIP 

0®C to +70‘’C 

TC850ILW 

44-Pin PLCC 

-25°C to +85°C 

TC850IJL 

40-Pin CerDIP 

-25‘’C to +85°C 


PIN CONFIGURATIONS 



CONT/DEMAND I 5 
OVR/^ fT" 
l/h[T 
OBTfr 
DBefT 
dbsQF 

DB 4 QI 

DBaRT 

dbzHF 

DB1 Q? 
DBO []T 

BusYirr 

0 SC 1 Ul. 

OSC 2 QF 

testITF 

GND[2^ 



33 vj 

39 I ref| 

^ CpEFI 

33 CrEFI 

REF“ 

13 CreF2 

[ 34 ] cgEp 2 

3^ REFJ 

g lN"^ 

IN" 

3^ COMMON 
33 ^INTB 
^INTA 

13 ^BUFA 

^ ^BUFB 
Ji] BUFFER 

13 int,n 
13 ‘NTout 
13 Vi 

COMP 


o 

z 

< 

S 

UJ 

g 

z 

O 

o 


p 1^ ILU (0 o 
loc 15 lo o z 


u. Ul UJ U. 

+(/) UJ -fOC I tr UJ 

> OC O O Ol 


OVR/POL [l 
L/H [s 
DB7 [a 
DB 6 [io 
DBS [11 

NC [li 
DB4 [13 
DB3 [14 
DB2 [Ts 
DB1 
DBO [17 


r3f^FTiiT]fyimi4^i^[4^i4T^ 


TC850CLW 

TC850ILW 


I ^REF2 
I ^REF2 
IrefJ 
I IN"^ 

|lN- 
I NC 

I COMMON 


30| 


^INTB 

C|NTA 

^BUFA 

^BUFB 


|l8)[l9||20jl2lj^yi24)^|26jl27|l28| 


>• 


N 

1 “ 

Q 

0 

a. 

1 (/) 

F- 

(/> 

0 

0 

(/> 

z 



> 

3 

7 ) 

(/) 

U) 

UJ 

0 



0 

m 

0 

0 




0 


H 

Z 


NC = NO INTERNAL CONNECTION 
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ABSOLUTE MAXIMUM RATINGS 


Positive Supply Voltage (Vs’^ to GND).+6V 

Negative Supply Voltage (Vs~ to GND).-9V 

Analog Input voltage (IN+ or IN"). Vs"^ to Vs" 

Voltage Reference Input 

(REFi+, REFr, REF 2 -^) ... Vs^ to Vs" 

Logic Input Voltage.Vs'^ +0.3V to GND -0.3V 

Current Into Any Pin.10 mA 

While Operating.100 pA 

Ambient Operating Temperature Range 

C Device...0°C to +70°C 

I Device.-25°C to +85°C 


Lead Temperature (Soldering, 10 sec).+300°C 

Package Power Dissipation 

CerDIP.1W@ +85°C 

Plastic DIP.0.5W@+70°C 

Plastic PLCC Package.0.5W @ +70°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vs = ±5V, fcLK = 61.44 kHz, Vfs = 3.2768V, Ta = 25°C, Fig. 1 Test Circuit 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 


Zero-Scale Error 

> 

o 

II 

2 

> 


±0.25 

±0.5 

LSB 


End Point Linearity Error 

-Vfs ^ V|N < +Vfs 

— 

±1 

±2 

LSB 

Differential Nonlinearity 

— 

±0.1 

±0.5 

LSB 

l|N 

Input Leakage Current 

V|N = OV, Ta = 25°C 

O^C ^ Ta ^ +70^C 

— 

30 

75 

pA 



- 25 ° < Ta < -i-85°C 

— 

1.1 

3 

nA 

VcMR 

Common-Mode Voltage Range 

Over Operating Temperature Range 

Vs-+1.5 

— 

Vs^-1.5 

V 

CMRR 

Common-Mode Rejection Ratio 

V|N = OV, VcM = ±1V 

— 

80 

— 

dB 


Full-Scale Gain Temperature 
Coefficient 

External Ref Temperature 

Coefficient = 0 ppm/°C 

O'^C Ta ^ +70°C 

— 

2 

5 

ppm/°C 


Zero-Scale Error 

V,N = OV 


0.3 

2 

pV/°C 


Temperature Coefficient 

O'^C < Ta < +70°C 






Full-Scale Magnitude 

Symmetry Error 

V|N = ±3.275V 

— 

0.5 

2 

LSB 

©N 

Input Noise 

Not Exceeded 95% of Time 

— 

30 

— 

pVp-p 

Is^ 

Positive Supply Current 


— 

2 

3.5 

mA 

Is" 

Negative Supply Current 


— 

2 

3.5 

mA 

VoH 

Output High Voltage 

o 

II 

cn 

o 

o 

T= 

> 

3.5 

4.9 

— 

V 

VoL 

Output Low Voltage 

lo = 1.6 mA 

— 

0.15 

0.4 

V 

bp 

Output Leakage Current 

Pins 8-15, High-Impedance State 


0.1 

1 

|xA 

VlH 

Input High Voltage 

Note 3 

3.5 

2.3 

— 

V 

IL 

Input Low Voltage 

Note 3 

_ 

2.1 

1 

V 

Ipu 

Input Pull-Up Current 

Pins 2, 3, 4, 6. 7; V|n = OV 

— 

4 

— 

pA 

IPD 

Input Pull-Down Current 

Pins1,5; V|n==5V 

I'" ■■■“ ' “ ■■■— 

14 

— 

^lA 

lose 

Oscillator Output Current 

Pin 18. Vout = 2.5V 

— 

140 

— 

pA 

C|N 

Input Capacitance 

Pins 1-7, 17 

— 

1 

— 

PF 

CoUT 

Output Capacitance 

Pins 8-15, High-Impedance State 

— 

15 

— 

PF 

tcE 

Chip-Enable Access Time 

CS or CE, = Low (Note 1 ) 

— 

230 

450 

ns 

tRE 

Read-Enable Access Time 

CS = High, CE = Low (Note 1) 

— 

190 

450 

ns 

toHC 

Data Hold From CS or CE 

RD = Low (Note 1 ) 

— 

250 

450 

ns 

tOHR 

Data Hold From ^ 

CS = High, CE = Low (Note 1 ) 

— 

210 

450 

ns 

top 

OVR/POL Data Access Time 

CS = High, CE = Low, RD = Low 

— 

140 

300 

ns 



(Note 1) 
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ELECTRICAL CHARACTERISTICS (Cont.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 1 

Unit 

tLH 

Low/High Byte Access Time 

CS = High, CE = Low, RD = Low (Note 1) 

— 

140 

300 

ns 


Clock Setup Time 

Positive or Negative Pulse Width 

100 

— 

— 

ns 

tWRE 

RD Minimum Pulse Width 

CS = High, CE = Low (Note 2) 

450 

230 

— 

ns 

tWRD 

RD Minimum Delay Time 

CS = High, Low (Note 2) 


50 

— 

ns 

twWR 

WR Minimum Pulse Width 

CS = High, ^ = Low, Demand Mode 

75 

25 

. ’ ” 

ns 


Clock Setup Time 

Positive or Negative Pulse Width 

100 



ns 


NOTES: 1. Demand mode, CONT/DEMAND = low. Figure 10 timing diagram. Cl = 100 pF. 

2. Continuous mode, CONT/DEMAND = high. Figure 12 timing diagram. 

3. Digital inputs have CMOS logic levels and internal pull-up/pull-down resistors. For TTL compatibility, external pull-up resistors to Vcc are 
recommended. 

PIN DESCRIPTIONS 

40-Pin DIP 


Pin No. 

Symbol 

Description 

1 

CS 

Chip select, active high. Logically ANDed with CE to enable read and write inputs. (See 
note 4.) 

2 

CE 

Chip enable, active low. (See note 5.) 

3 

WR 

Write input, active low. When chip is selected (CS = high and CE = low) and in demand mode 
(CONT/DEMAND = low), a logic low on WR starts a conversion. (See note 4.) 

4 

RD 

Read input, active low. When CS = high and CE = low, a logic low on RD enables the 3-state 
data outputs. (See note 5.) 

5 

CONT/DEMAND 

Conversion control input. When CONT/DEMAND = low, conversions are initiated by the WR 
input. When CONT/DEMAND = high, conversions are performed continuously. (See note 4.) 

6 

OVR/POL 

Overrange/polarity data-select input. When making conversions in the demand mode (CONT/ 
DEMAND = low), OVR/POL controls the data output on DB7 when the high-order byte is 
active. (See note 5.) 

7 

L/TT 

Low/high byte-select input. When CONT/DEMAND = low, this input controls whether low-byte 
or high-byte data is enabled on DBO through DB7. (See note 5.) 

8 

DB7 

Most significant data bit output. When reading the A/D conversion result, the polarity, 
overrange, and DB7 data are output on this pin. (See text.) 

9-15 

DB6-DB0 

Data outputs DB6-DB0. 3-state, bus compatible. 

16 

BUSY 

A/D conversion status output. BUSY goes to a logic high at the beginning of the deintegrate 
phase and goes low when conversion is complete. The falling edge of BUSY can be used to 
generate a pP interrupt. 

17 

OSCi 

Crystal oscillator connection or external oscillator input. 

18 

OSC 2 

Crystal oscillator connection. 

19 

TEST 

For factory testing purposes only. Do not make external connection to this pin. 

20 

DGND 

Digital ground connection. 

21 

COMP 

Connection for comparator auto-zero capacitor. Bypass to Vs" with 0.1 pF. 

22 

Vs- 

Negative power supply connection, typically -5V. 

23 

INTout 

Output of the integrator amplifier. Connect to Cinj. 

24 

INTin 

Input to the integrator amplifier. Connect to summing node of R|nt and C|nt- 

25 

BUFFER 

Output of the input buffer. Connect to R|nt- 

26 

Cbufb 

Connection for buffer auto-zero capacitor. Bypass to Vs" with 0.1 pF. 

27 

Cbufa 

Connection to buffer auto-zero capacitor. Bypass to Vs" with 0.1 pF. 

28 

CinTA 

Connection for integrator auto-zero capacitor. Bypass to Vs" with 0.1 pF. 

29 

Cintb 

Connection for integrator auto-zero capacitor. Bypass to Vs" with 0.1 pF. 

30 

COMMON 

Analog common. 

31 

IN- 

Negative differential analog input. 
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PIN DESCRIPTIONS 

40-Pin DIP 


Pin No. 

Symbol 

Description 


30 

COMMON 

Analog common. 


33 

REF2^ 

Positive input for reference voltage Vref 2 - (Vref 2 = Vrefi/64) 


34 

Oref2'^ 

Positive connection for Vref 2 reference capacitor. 


35 

CreF2~ 

Negative connection for Vref 2 reference capacitor. 


36 

REF- 

Negative input for reference voltages. 


37 

Crefi" 

Negative connection for Vrefi reference capacitor. 


38 

Crefi'^ 

Positive connection for Vrefi reference capacitor. 


39 

REFi-^ 

Positive input for Vrefi- 


40 

Vs^ 

Positive power supply connection, typically +5V. 



NOTES: 4. This pin incorporates a pull-down resistor to DGND. 
5. This pin incorporates a pull-up resistor to Vs"^. 


THEORY OF OPERATION 

The TC850 is a multiple-slope, integrating analog-to- 
digital converter (ADC). The multiple-slope conversion pro¬ 
cess, combined with chopper-stabilized amplifiers, results 
in a significant increase in ADC speed, while maintaining 
very high resolution and accuracy. 

Dual-Slope Conversion Principles 

The conventional dual-slope converter measurement 
cycle (shown in Figure 2A) has two distinct phases; 

(1) Input signal integration 

(2) Reference voltage integration (deintegration) 


are immune to the large conversion errors that plague 
successive approximation converters in high-noise environ¬ 
ments. 

A simple mathematical equation relates the input signal, 
reference voltage, and integration time: 


1 f's' 

RC Jg “ 


Vr t pi 
' RC 


where: Vr = Reference voltage 

tsi = Signal integration time (fixed) 

tRi = Reference voltage integration time (variable). 


Multiple-Slope Conversion Principles 


The input signal being converted is integrated for a fixed 
time period, measured by counting clock pulses. An oppo¬ 
site polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the Input 
signal. 

In a simple dual-slope converter, complete conversion 
requires the integrator output to "ramp-up" and "ramp- 
down." Most dual-slope converters add a third phase, auto¬ 
zero. During auto-zero, offset voltages of the input buffer, 
integrator, and comparator are nulled, thereby eliminating 
the need for zero-offset adjustments. 

Dual-slope converter accuracy is unrelated to the Inte¬ 
grating resistor and capacitor values, as long as they are 
stable during a measurement cycle. By converting the 
unknown analog input voltage into an easily-measured 
function of time, the dual-slope converter reduces the need 
for expensive, precision passive components. 

Noise immunity is an inherent benefit of the integrating 
conversion method. Noise spikes are Integrated, or aver¬ 
aged, to zero duringthe integration period. Integrating ADCs 


One limitation of the dual-slope measurement tech¬ 
nique is conversion speed. In a typical dual-slope method, 
the auto-zero and integrate times are each one-half of the 
deintegrate time. For a 15-bit conversion, 2''"^ + 2’''^-h 2''^ 
(65,536) clock pulses are required for auto-zero, integrate, 
and deintegrate phases, respectively. The large number of 
clock cycles effectively limits the conversion rate to about 
2.5 conversions per second, when a typical analog CMOS 
fabrication process is used. 

The TC850 uses a multiple-slope conversion technique 
to increase conversion speed (Figure 2B). This technique 
makes use of a two-slope deintegration phase and permits 
15-bit resolution up to 40 conversions per second. 

During the TC850's deintegration phase, the integration 
capacitor is rapidly discharged to yield a resolution of 9 bits. 
At this point, some charge will remain on the capacitor. This 
remaining charge is then slowly deintegrated, producing an 
additional 6 bits of resolution. The result is 15 bits of 
resolution achieved with only 2® -i- 2® (512 -i- 64, or 576) clock 
pulses for deintegration. A complete conversion cycle occu¬ 
pies only 1280 clock pulses. 
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-SV 
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^61.44 
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pi. 

40 20" 

22 

Vg DGND V; 

IN+ 

BUSY 
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Iri 

DB6 

COMMON 

DBS 

ref| 

DB4 

REFi 

DB3 

REF“ 

DB2 

Crefi 

DB1 

DBO TC850 

Crefi 

cs 

^REF2 

CE 

^REF2 

WR 


RD 

BUFFER 

CONT/DEMAND 

INT,n 

OVR/POL 


L/H 

'NTquT 

osc., 



TEST 

OSCg 


COMP 


I^INTA^INTB ^BUFA^BUPB 


niA^ArO 
■^1.^0.1mF INPUT 


n 28 ^9 [27 ^6 

-0.1 JLo.i J_0.1 JLo.i 

-j-MF -J-mF -J-\iF -| -mF 



-O NC 


NOTES: Unless otherwise specified, all 0.1 pF capacitors are film dielectric. 
Ceramic capacitors are not recommended. 

NC = No internal connection. 

* Polypropylene capacitors. 

** 100 pF Mica capacitors. 


Figure 1 Standard Circuit Configuration 


In order to generate “fast-slow" integration phases, two 
voltage references are required. The primary reference 
(Vrefi) is set to one-half of the full-scale voltage (typically 
Vrefi = 1.6384V, and Vfs = 3.2768V). The secondary 
voltage reference (Vref 2 ) is set to Vrefi/64 (typically 25.6 
mV). To maintain 15-bit linearity, a tolerance of 0.5% for 
Vref 2 is recommended. 

ANALOG SECTION DESCRIPTION 

The TC850 analog section consists of an input buffer 
amplifier, integrator amplifier, comparator, and analog 
switches. A simplified block diagram is shown in Figure 3. 

Conversion Tinning 

Each conversion consists of three phases: (1) Zero 
Integrator, (2) Signal Integrate, and (3) Reference Integrate 
(or Deintegrate). Each conversion cycle requires 1280 inter¬ 
nal clock cycles (Figure 4). 




Figure 2B "Fast-Slow" Reference Deintegrate Cycle 


Zero-Integrator Phase 

During the zero-integrator phase, the differential input 
signal is disconnected from the circuit by opening internal 
analog gates. The internal nodes are shorted to analog 
common (ground) to establish a zero-input condition. At the 
same time, a feedback loop is closed around the input buffer, 
integrator, and comparator. The feedback loop ensures the 
integrator output is near OV before the signal-integrate 
phase begins. 

During this phase, a chopper-stabilization technique is 
used to cancel offset errors in the input buffer, integrator, 
and comparator. Error voltages are stored on the Gruff. 
Cint, and COMP capacitors. The zero-integrate phase 
requires 246 clock cycles. 

Signal-Integrate Phase 

The zero-integrator loop is opened and the internal 
differential inputs are connected to IN^ and IN“. The differ¬ 
ential input signal is integrated for a fixed time period. The 
TC850 signal-integrate period is 256 clock periods, or counts. 
The crystal oscillator frequency is -^4 before clocking the 
internal counters. 
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Figure 3 Analog Section Simplified Schematic 



Figure 4 Conversion Timing 


The integration time period is: 

tsi = X 256 

'OSC 

Reference-Integrate Phase 

During reference-integrate phase, the charge stored on 
the integrator capacitor is discharged. The time required to 
discharge the capacitor is proportional to the analog input 
voltage. 

The reference integrate phase is divided into three 
subphases: (1) fast, (2) slow, and (3) overrange deintegrate. 

During fast deintegrate, Vin" is internally connected to 
analog common and Vin^ is connected across the previ¬ 
ously-charged reference capacitor (Crefi)- The integrator 
capacitor is rapidly discharged for a maximum of 512 inter¬ 
nal clock pulses, yielding 9 bits of resolution. 


During the slow deintegrate phase, the internal Vin"^ node 
is now connected to the Cref 2 capacitor, and the residual 
charge on the integrator capacitor Is further discharged a 
maximum of 64 clock pulses. At this point, the analog input 
voltage has been converted with 15 bits of resolution. 

If the analog input is greater than full scale, the TC850 
performs up to three overrange deintegrate subphases. 
Each subphase occupies a maximum of 64 clock pulses. 
The overrange feature permits analog inputs up to 192 LSBs 
greater than full scale to be correctly converted. This feature 
permits the user to digitally null up to 192 counts of input 
offset, while retaining full 15-bit resolution. 

In addition to 512 counts of fast, 64 counts of slow, and 
192 counts of overrange deintegrate, the reference-inte¬ 
grate phase uses 10 clock pulses to permit internal nodes to 
settle. Therefore, the reference integrate cycle occupies 778 
clock pulses. 
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Pin Description (Analog) 

Differential Inputs (IN+ and IN~) 

The analog signal to be measured is applied at the IN+ 
and IN" inputs. The differential Input voltage must be within 
the common-mode range of the converter. The input com¬ 
mon-mode range extends from Vs"^ -1.5V to Vs" +1.5V. 
Within this common-mode voltage range, an 86 dB CMRR 
is typical. 

The integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to satu¬ 
rate. A worst-case condition exists, for example, when a 
large, positive common-mode voltage with a near full-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
available swing has been used up by the positive common¬ 
mode voltage. For applications where maximum common¬ 
mode range Is critical, integrator swing can be reduced. The 
integrator output can swing within 0.4V of either supply 
without loss of linearity. 

Differential Reference (Vref) 

The TC850 requires two reference voltage sources in 
order to generate the "fast-slow" deintegrate phases. The 
main voltage reference (Vrefi) is applied between the 
REFi"^ and REF" pins. The secondary reference (Vref2) is 
applied between the REF 2 '*’ and REF" pins. 


The reference voltage inputs are fully differential, and 
the reference voltage can be generated anywhere within the 
power supply voltage of the converter. However, to minimize 
roll-over error, especially at high conversion rates, keep the 
reference common-mode voltage (i.e., REF") near or at the 
analog common potential. All voltage reference inputs are 
high impedance. Average reference input current is typically 
only 30 pA. 

Analog Common (COMMON) 

Analog common is used as the IN" return during the 
zero-integrator and deintegrate phases of each conversion. 
If IN" is at a different potential than analog common, a 
common-mode voltage exists in the system. This signal Is 
rejected by the 86 dB CMRR of the converter. However, in 
most applications, IN" will be set at a fixed, known voltage 
(power supply common, for instance). In this case, analog 
common should be tied to the same point so that the 
common-mode voltage is eliminated. 

DIGITAL SECTION DESCRIPTION 

The TC850 digital section consists of two sets of conver¬ 
sion counters, control and sequencing logic, clock oscillator 
and divider, data latches, and an 8-bit, 3-state interface bus. 
A simplified schematic of the bus interface logic is shown in 
Figure 5. 


DB0-DB7 


UH 


RD 

CE 


CS 

POL/OVR 


WR 

CONT/ 

DEMAND 


,8 

3-STATE 
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2-INPUT 


OUTPUT 
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MUa 

SELECT 



> 


> 

> 
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2-INPUT 

MUX 
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CONVERSION 


LOW-BYTE 
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HIGH-BYTE 
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RANGE 


I TO A/D 
> CONTROL 
f LOGIC 


y 


END OF 
CONVERSION 



Figure 5 Bus Interface Simplified Schematic 
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Clock Oscillator 

The TC850 includes a crystal oscillator on-chip. All that 
is required is to connect a crystal across OSCi and OSC 2 
pins, and to add two inexpensive capacitors (Figure 1). The 
oscillator output is -5-4 prior to clocking the A/D internal 
counters. For example, a 100 kHz crystal produces a system 
clock frequency of 25 kHz. Since each conversion requires 
1280 clock periods, in this case the conversion rate will be 
25,000/1280, or 19.5 conversions per second. 

In most applications, however, an external clock is 
divided down from the microprocessor clock. In this case, 
the OSC 1 pin is used as the external oscillator input and 
OSC 2 is left unconnected. The external clock driver should 
swing from digital ground to Vs"^. The -h 4 function is active for 
both external clock and crystal oscillator operations. 

Digital Operating Modes 

Two modes of operation are available with the TC850, 
continuous conversions and on -demand. The operating 
mode is controlled by the CONT/DEMAND input. The bus 
interface method is different for continuous and demand 
modes of operation. 


Table I. Bus Interface Truth Table 


CE-CS 

RD 

CONT/DEMAND 

L/H 

OVR/POL 

DB7 

DB6-DB0 

Pins 1 and 2 

Pin 4 

Pin 5 

Pin? 

Pine 

Pin 8 

Pin 9-Pin 15 (Note 1) 

0 

0 

0 

0 

0 

"1" = Input Positive 

Data Bits 14-8 

0 

0 

0 

0 

1 

”1" = Input Overrange 
(Note 2) 

Data Bits 14-8 

0 

0 

0 

1 

X 

Data Bit 7 

Data Bits 6-0 

0 

0 

1 

X 

X 

Note 3 


0 

1 

X 

X 

X 

High-Impedance State 


1 

X 

X 

X 

X 

High-Impedance State 



NOTES: 1. Pin numbers refer to 40-pin DIP. 

2. Extended overrange operation; Although rated at 15 bits (±32,767 counts) of resolution, the TC850 provides an additional 191 counts 
above full scale. For example, with a full-scale input of 3.2768V, the maximum analog input voltage which will be properly converted is 
3.2958V. The extended resolution is signified by the overrange bit being high and the low-order byte contents being between 0 and 190. 
For example, with a full-scale voltage of 3.2768V; 


ViN 

Overrange Bit 

Low Byte 

Data Bits 14-8 

3.2767V 

Low 

255io 

127io 

3.2768V 

High 

000 10 

Oio 

3.2769V 

High 

00110 

Oio 

3.2867V 

High 

099 10 

Oio 


3. Continuous mode data transfer; 

a. In continuous mode, data MUST be read in three sequential bytes after the BUSY output goes low: 

(1) The first byte read will be the high-order byte, with DB7 = polarity. 

(2) The second byte read will contain the low-order byte. 

(3) The third byte read will again be the high-order byte, but with DB7 = overrange. 

b. All t hree data bytes must be read within 443-1/2 clock cycles after the falling edge of BUSY. _ 

c. The RD input must go high after each byte is read, so that the internal byte counter will be incremented. However, the CS and CE 
inputs can remain enabled through the entire data transfer sequence. 


Demand Mode Operation 

When CONT/DEMAND is low, the TC850 performs one 
conversion each time the chip is selected and the WR input 
is pulsed low. Data is valid on the falling edge of the BUSY 
output and can be accessed using the interface truth table 
(Table I). 

Continuous Mo de Operati on 

When CONT/DEMAND is high, the TC850 continuously 
performs conversions. Data will be valid on the falling edge 
of the BUSY output, and remains valid for 443-1/2 clock 
cycles. _ 

T he low /high (L/H) byte-select and overrange/polarity 
(OVR/POL) inputs are disabled during continuous mode 
operation. Data must be read in three consecutive bytes, as 
shown in Table I. 

NOTE: In continuous mode, the conversion result must be read within 443- 
1/2 clock cycles of the BUSY output falling edge. After this time (i.e., 1/2 
clock cycle before BUSY goes high) the internal counters are reset and the 
data is lost. 


2-59 




15-BIT, FAST-INTEGRATING CMOS 
ANALOG-TO-DIGITAL CONVERTER 


TC850 


Pin Description (Digital) 

Chip Select and Chi p Enable (CS and 

The CS and CE inputs permit easy interfacing to a 
variety of digital bus systems. CE is active low while CS is 
active high. These inputs are logically ANDed internally and 
are used to enable the RD and WR inputs. 

Write Enable Input (WR) 

The write input is used to initiate a conversion when the 
TC8 50 is in demand mode. CS and CE must be activeforthe 
WR input to be recogniz ed. T he status of the data bus is 
meaningless during the WR pulse, because no data is 
actually written into the TC850. 

Read Enable Input (RD) _ 

The read input, combined with CS and CE, enables the 
3-state data bus outputs. Also, In continuous mode, the 
rising edge of the RD input activates an internal byte counter 
to sequentially read the three data bytes. 

Low/High Byte Select (L/H) 

The l_/H input determines whether the low (least signifi¬ 
cant) byte or high (most significant) byte of data Is placed on 
the 3-state data bus. This input is meaningful only when the 
TC850 is in the demand mode. In the continuous mod^, data 
must be read in three predetermined bytes, so the L/H Input 
is ignored. 

Overrange/Polarity Bit Select (OVR/POL) 

The TC850 provides 15 bits of resolution, plus polarity 
and overrange bits. Thus, 17 bits of information must be 
transferred on an 8-bit data bus. To accomplish this, the 
overrange and polarity bits are multiplex ed on to data bit DB7 
of the most significant byte. When OVR/POL is high, DB7 of 
the high byte contains the overrange status (high = analog 
input overrange, low = input within full scale). When OVR/ 
POL is low, DB7 is high for positive analo g input polarity and 
low for negative polarity. The OVR/POL input is meaningful 
only when CS, CE, and RD are active, and L/H i s low (i.e., 
the most significant byte is selected). OVR/POL is ignored 
when the TC850 is in continuous mode. 


Continuous/Demand Mode Input (CONT/DEMAND) 

Th is input co ntrols the TC850 operating mode. When 
CONT/DEMAND is high, the TC850 performs conversions 
continuously. In continuous mode, data must be read in the 
prescribed sequence shown in Table I. Also, all three data 
bytes must be read within 443-1/2 internal clock cycles after 
the BUSY output goes low. After 443-1/2 clock cycles data 
will be lost. _ 

When CONT/DEMAND is jow, the TC850 begins a 
conversion each time CS and CE are active and WR is 


pulsed low. The conversion is complete and data can be 
read after the falling edge of the BUSY output. In demand 
mode, data can be read in any sequence, and remains valid 
until WR is again pulsed low. 

Busy Output (BUSY) 

The BUSY output is used to convey an end-of-conver- 
sion to external logic. BUSY goes high at the beginning of 
the deintegrate phase and goes low at the end of the 
conversion cycle. Data is valid on the falling edge of BUSY. 
The output-high period is fixed at 836 clock periods, regard¬ 
less of the analog input value. BUSY is active during 
continuous and demand mode operation. 

This output can also be used to generate an end-of- 
conversion interrupt in pP-based systems. Noninterrupt- 
driven systems can poll BUSY to determine when data is 
valid. 

ANALOG SECTION APPLICATIONS 
Component Selection 
Reference Voltage 

The typical value for refe rence voltage Vrefi is 1.6384V. 
This value yields a full-scale voltage of 3.2768V and resolu¬ 
tion of 100 pV per step. The Vrefz value is derived by 
dividing Vrefi by 64. Thus, typical Vref 2 value is 1.6384V/ 
64, or 25.6 mV. The Vref 2 value should be adjusted within 
±1% to maintain 15-bit accuracy for the total conversion 
process; i.e., 


Vref2 = 


Vrefi 

64 


± 1 %. 


The reference voltage is not limited to exactly 1.6384V, 
however, because the TC850 performs a ratiometric con¬ 
version. Therefore, the conversion result will be: 


Digital counts = • 16384. 

Vrefi 

The full-scale voltage can range from 3.2V to 3.5V. Full- 
scale voltages of less than 3.2 V will result in increased noise 
in the least significant bits, while a full-scale above 3.5V will 
exceed the Input common-mode range. 

Integration Resistor 

The TC850 buffer supplies 25 pA of integrator charging 
current with minimal linearity error. Rint is easily calculated: 

25 pA 

For a full-scale voltage of 3.2768V, values of Rint 
between 120 kO and 150 kQ are acceptable. 
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integration Capacitor 

The integration capacitor should be selected to produce 
an integrator swing of =4V at full scale. The capacitor value 
is easily calculated: 

Q _ Vfs , 4 • 256 

Pint 4V • fcLOCK 

where fcLOCK is the crystal or external oscillator frequency 
and Vfs is the maximum input voltage. 

The integration capacitor should be selected for low 
dielectric absorption to prevent roll-over errors. A polypro¬ 
pylene, polyester or polycarbonate dielectric capacitor is 
recommended. 

Reference Capacitors 

The reference capacitors require a low leakage dielec¬ 
tric, such as polypropylene, polyester or polycarbonate. A 
value of 1 pF is recommended for operation over the tem¬ 
perature range. If high-temperature operation is not re¬ 
quired. the Cref values can be reduced. 

Auto-Zero Capacitors 

Five capacitors are required to auto-zero the input 
buffer, integrator amplifier, and comparator. Recommended 
capacitors are 0.1 pF film dielectric (such as polyester or 
polypropylene). Ceramic capacitors are not recommended. 

DIGITAL SECTION APPLICATION 
Oscillator 

The TC850 may operate with a crystal oscillator. The 
crystal selected should be designed for a Pierce oscillator, 
such as an AT-cut quartz crystal. The crystal oscillator 
schematic is shown In Figure 6. 

Since low frequency crystals are very large and ceramic 
resonators are too lossy, the TC850 clock should be derived 
from an external source, such as a microprocessor clock. 
The clock should be input on the OSCi pin and no connec¬ 
tion should be made to the OSC 2 pin. The external clock 
should swing between DGND and Vs"*". 

Since oscillator frequency is ^ internally and each 
conversion requires 1280 internal clock cycles, the conver¬ 
sion time will be: 

Conversion time = fcLocK x 4 x 1280. 

An important advantage of the integrating ADC is the 
ability to reject periodic noise. This feature is most often 
used to reject line frequency (50 Hz or 60 Hz) noise. Noise 
rejection is accomplished by selecting the integration period 


equal to one or more line frequency cycles. The desired 
clock frequency Is selected as follows: 

fcLOCK = fNOISE X 4 X 256, 

where fNoisE is the noise frequency to be rejected, 4 repre¬ 
sents the clock divider, and 256 is the number of integrate 
cycles. 

For example, 60 Hz noise will be rejected with a clock 
frequency of 61.44 kHz, giving a conversion rate of 12 
conversions/sec. Integer submultiples of 61.44 kHz (such 
as 30.72 kHz, etc.) will also reject 60 Hz noise. For 50 Hz 
noise rejection, a 51.2 kHz frequency is recommended. 

If noise rejection is not important, other clock frequen¬ 
cies can be used. The TC850 will typically operate at 
conversion rates ranging from 3 to 40 conversions/sec, 
corresponding to oscillator frequencies from 15.36 kHz to 
204.8 kHz. 



Figure 6 Crystal Oscillator Schematic 


Data Bus Interfacing 

The TC850 provides an easy and flexible digital Inter¬ 
face. A 3-state data bus and six control Inputs permit the 
TC850 to be treated as a memory device, in most applica¬ 
tions. The conversion result can be accessed over an 8-bit 
bus or via a pP I/O port. 

A typical pP bus interface for the TC850 is shown in 
Figure 7. In this example, the TC850 operates in the demand 
mode, and conversion begins when a write operation is 
performed to any decoded address space. The BUSY 
output interrupts the pP at the end-of-conversion. 

The A/D conversion result is read as three memory 
bytes. The two LSBs of the address bus select high/low byte 
and overrange/polarity bit data, while high-order address 
lines enable the CE input. 

Figure 8 shows a typical interface to a pP I/O port or 
single-chip pC. The TC850 operates in the continuous 
mode, and can either interrupt the pC/pP or be polled with 
an input pin. 
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Figure 7 Interface to Typical |iP Data Bus 


TC8S0 


DBO 

DB1 

DB2 

DBS 

DB4 

DBS 

DB6 

DB7 


PAO 

PA1 

PA2 

PAS 

PA4 

PAS 

PA6 

PA7 


pCOR pP 
I/O PORT 


BUSY 


CONT/DEMAND 

CS 


CE WR 

T-r 

V NC 


INTERRUPT 

PBO 


+5V 


Figure 8 interface to Typical pP I/O Port or Single-Chip pC 


Since the PA0-PA7 inputs are dedicated to reading 
A/D data, the A/D CS/CE inputs can be enabled continu¬ 
ously. In continuous mode, data must be read in 3 bytes, as 
shown in Table I. The required RD pulses are provided by a 
pC/jj-P output pin. 

The circuit of Figure 8 can also operate in the demand 
mode, with the start-up conversion_strobe gene rated by a 
pC/pP output pin. In this case, the L7H and CONT/DEMAND 
inputs can be controlled by I/O pins and the RD input 
connected to digital ground. 

Demand Mode Interface Timing 

When CONT/DEMAND inpu t is low, the TC850 p^ 
forms a conversion each time CE and CS are active and WR 
is strobed low. 

The demand mode conversion timing is shown in Figure 
9^USY goes low and data is valid 1155 clock pulses after 
WR goes low. After BUSY goes low, 125 additional clock 
cycles are required before the next conversion cycle will 
begin. _ 

Once conversion is started, WR is ignored for 1 100 
internal clock cycles. After 1100 clock cycles, another WR 
pulse is recognized and initiates a new conversion when the 
present conversion is complete. A negative edge on WR is 
required to begin conversion. If WR is held low, conversions 
will not occur continuously. 

The A/D conversion data is valid on the falling edge of 
BUSY, and remains valid until one-half internal clock cycle 
before BUSY goes high on the succeeding conversion. 
BUSY can be monitored with an I/O pin to determine end of 
conversion, or to generate a pP interrupt. 

In demand mode, the three data bytes can be read in 
any desired order. The TC850 is simply regarded as three 
bytes of memory and accessed accordingly. The bus output 
timing is shown in Figure 10. 

Continuous Mode Interface Timing 

When the CONT/DEMAND input is high, the TC850 
performs conversions continuously. Data will be valid on the 
falling edge of BUSY, and all three bytes must be read within 
443-1/2 internal clock cycles of BUSY going low. The timing 
diagram is shown in Figure 11. __ _ 

In continuous mode, OVR/POL and L/H byte-select 
inputs are ignored. The TC850 automatically cycles through 
three data bytes, as shown In Table I. Bus output timing in 
the continuous mode is shown in Figure 12. 
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Figure 9 Conversion Timing, Demand Mode 




NOTE: CONT/DEMAND = LOW 

* RD (as well as CS and CE) can go HIGH after each byte is read (i.e., in a pP bus interface) 
or remain LOW during the entire DATA-READ sequence (i.e., pP I/O port interface). 


Figure 10 Bus Output Timing, Demand Mode 
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Figure 11 Conversion Timing, Continuous Mode 
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Figure 12 Bus Output Timing, Continuous Mode 
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COMPONENTS 


TC7109 

TC7109A 


12-BIT liP-COMPATIBLE ANALOG-TO-DIGITAL CONVERTERS 


FEATURES 

■ Zero-Integrator Cycle for Fast Recovery From 
Input Overloads 

■ Eliminates Cross Talk in Multiplexed Systems 

■ 12-Bit Pius Sign Integrating A/D Converter With 
Overrange indication 

■ Sign Magnitude Coding Format 

■ True Differential Signal Input and Differential 
Reference Input 

■ Low Noise.15 |iVp.p Typ 

■ High Normai Mode Noise and Line Frequency 
Rejection 

■ input Current...i pA Typ 

■ No Zero Adjustment 

■ TTL-Compatibie, Byte-Organized Tri-State 
Outputs 

■ UART Handshake Mode for Simpie Seriai Data 
Transmission 

■ Power Dissipation.Less Than 20 mW Typ 

■ internal Voltage Reference 


GENERAL DESCRIPTION 

The TC7109A is a 12-bit plus sign, CMOS low-power 
analog-to-digital converter (ADC). Only eight passive com¬ 
ponents and a crystal are required to form a complete dual¬ 
slope integrating ADC. 

The improved Vqh source current TC7109A has fea¬ 
tures that make it an attractive per-channel alternative to 
analog multiplexing for many data acquisition applications. 
These features include typical input bias current of 1 pA, drift 
of less than 1 |liV/°C, input noise typically 15 fxVp.p, and 
auto-zero. True differential input and reference allow mea¬ 
surement of bridge-type transducers such as load cells, 
strain gauges, and temperature transducers. 

The TC7109A provides a versatile digital interface. In 
the direct mode, chip select and hIgh/low byte enables 
control parallel bus interface. In the handshake mode, the 
TC7109A will operate with industry-standard UARTs in con¬ 
trolling serial data transmission — ideal for remote data 
logging. Control a nd mon itoring of conversion timing is pro¬ 
vided by the RUN/HOLD input and STATUS output. 

For applications requiring more resolution, see the 
TC500,15-bit plus sign ADC data sheet. 

The TC7109A has improved overrange recovery perfor¬ 
mance and higher output drive capability than the original 
TC7109. All new (or existing) designs should specify the 
TC7109A wherever possible. 



1076-1 
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TC7109 

TC7109A 


ORDERING INFORMATION 

Part No. 

Package 

Temperature 

Range 

TC7109ACPL 

40-Pin Plastic DIP 

0®C to +70®C 

TC7109ACKW 

44-Pin Flat 

0°C to +70°C 

TC7109ACLW 

44-Pin PLCC 

0°C to -f70<^C 

TC7109AIJL 

40-Pin CerDIP 

-as'-c to +85°C 

TC7109AMJL 

40-Pin CerDIP 

-55°C to+125°C 


Part No. 

Package 

Temperature 

Range 

TC7109CPL 

40-Pin Plastic DIP 

0°C to -f70°C 

TC7109CKW 

44-Pin Flat 

0°C to +70®C 

TC7109CLW 

44-Pin PLCC 

0°C to +70‘‘C 

TC7109IJL 

40-Pin CerDIP 

-25°C to -f85“C 


TC7109MJL 40-Pin CerD IP to +125”C 


PIN CONFIGURATIONS 


GND [T 
STATUS [X 
POL (X 
OR [T 

Bi2 (X 

Bii [X 

Bio [T 

Bg I 8 

Ba [X 
B 7 {W 
Be []T 
Bs [X 
B 4 [X 

B 3 QT 

B 2 [X 

B1 [le 
TEST [X 
LBEN (X 
HBEN X 
CE/LOAD X 


TC7109A 
TC7109 
(CPL, IJL, 
MJL) 


I 40 I V'*' 

REF IN“ 

38] REF CAP ~ 

ItIrefcap^ 

"361 REF IN'*^ 
IsliNHI 
in IN LO 
XI COMMON 

I 2 I 1 NT 
pri AZ 

XJbuff 

lilREFOBT 

Xv 

27lSEND 
26l RUN/HOLD 
X buff OSC OUT 
X OSC SEL 
X OSC OUT 
X OSC IN 
Xmode 


NC = NO INTERNAL CONNECTION 


Bn X 
B 10 X 
BgX 
Ba X 
BtX 

NC X 

Be X 
Bs X 

B4 X 

B3[^ 

B2 |iT 


H „ 5 C3 d 5 

CM ^ LL U. LL 

^(roi-zo + ujujiij 
mOQ.(oaz>a;a:a: 
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ABSOLUTE MAXIMUM RATINGS 

Positive Supply Voltage (GND to V+).-»-6.2V 

Negative Supply voltage (GND to V").-9V 

Analog Input Voltage (Low to High) (Note 1).V+ to V" 

Reference Input Voltage (Low to High (Note 1).V+ to V- 

Dlgital Input Voltage (Pins 2-27) (Note 2).GND -0.3V 

Power Dissipation (Note 3) 

Ceramic Package.1W at +85®C 

Plastic Package.500 mW at +70®C 

Operating Temperature Range 

Plastic Package (C).0°C to +70''C 

Ceramic Package (I).-25X to +85®C 

(M).-55^Cto-»-125'‘C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 60 sec).-I-300X 


TC7109 

TC7109A 



Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


NOTES: 1. Inputvoltagesmayexceedsupply voltages if input current is 
limited to ±100 pA. 

2. Connecting any digital inputs or outputs to voltages greater 
than V* or less than GND may cause destructive device latch- 
up. Therefore, it is recommended that inputs from sources 
other than the same power supply should not be applied to 
the TC7109A before its power supply is established. In 
multiple supply systems, the supply to the device should be 


ELECTRICAL CHARACTERISTICS: All parameters with V+ = +5V, V" = -5V. GND = OV, Ta = +25°C, 

unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Analog 


Overload Recovery Time 



0 

1 

Measurement 


(TC7109A) 





Cycle 


Zero Input Reading 

> 

o 

II 

z 

> 

-OOOOe 

±00008 

+00008 

Octal Reading 



Full Scale = 409.6 mV 






Ratiometric Reading 

V|N = Vref 

37778 

37778 

40008 

Octal Reading 



Vref = 204.8 mV 


40008 



NL 

Nonlinearity (Max Deviation 

Full Scale = 409.6 mV to 

-1 

±0.2 

+1 

Count 


From Best Straight Line Fit) 

2.048V Over Full Operating 







Temperature Range 






Roll-Over Error (Difference in 

Full Scale = 409.6 mV to 

-1 

±0.02 

+1 

Count 


Reading for Equal Positive and 

2,048V Over Full Operating 






Negative Inputs Near (Full Scale) 

Temperature Range 


.j 



CMRR 

Input Common-Mode 

VcM±1V. V,N = 0V 


50 


^iV/V 


Rejection Ratio 

Full Scale = 409.6 mV 





VcMR 

Common-Mode Voltage 

Input High, Input Low, 

; V-+1.5 


V+-1 

V 


Range 

and Common Pins 





Gn 

Noise (P-P Value Not 

V,N = OV 


1 ‘•5 


pV 


Exceeded 95% of Time) 

Full Scale = 409.6 mV 





l|N 

Leakage Current at Input 

ViN, All Packages: -f25®C 


1 

10 ! 

pA 



C Device: 0®C H Ta f +70®C 


20 

100 

pA 



I Device: -25®C H Ta 1 +85°C 


100 

250 ! 

pA 



M Device:-55®C 1 Ta ^ -f125®C 


1 2 

5 

nA 

TCzs 

Zero Reading Drift 

V,N = 0V 


0.2 

1 

pV/®C 

TCfs 

Scale-Factor 

V|N = 408,9 mV = >77708 


1 

5 

pvrc 


Temperature Coefficient 

Reading, Ext Ref = 0 ppm/°C 





r 

Supply Current 

ViN = OV, Crystal Oscillator 


700 

1500 

pA 


(V* to GND) 

3.58 MHz Test Circuit 





Is 

Supply Current (V'*’ to V") 

Pins 2-21,25, 26, 27, 29 Open 


700 

1500 

pA 
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ELECTRrCAL CHARACTERISTICS (Cont.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Vref 

Ref Out Voltage 

Referenced to V+, 25 kQ 

Between V"^ and Ref Out 

-2.4 

-2.8 

-3.2 

V 

TCref 

Ref Out Temperature 

Coefficient 

25 kQ Between V'^ and Ref Out 

0°C H Ta 1 +70°C 


80 


ppm/®C, 

Digital 

VoH 

Output High Voltage 

TC7109:Iout=100^A 

TC7109A:Iout=700^A 

Pins 2-16, 18, 19, 20 

3.5 

4.3 

' 


V 

VoL 

Output Low Voltage 

louT =1.6 mA 


0.2 

0.4 

V 


Output Leakage Current 

Pins 3-16 High Impedance 


±0.01 

±1 

^iA 


Control I/O 

Pull-Up Current 

Pins 18, 19, 20VouT= V+-3V 

Mode Input at GND 


5 


fiA 


Control I/O Loading 

HBEN, Pin 19; LBEN, Pin 18 



50 

PF 

V|H 

Input High Voltage 

Pins 18-21,26, 27 

Referenced to GND 

2.5 



V 

VlL 

input Low Voltage 

Pins 18-21, 26. 27 

Referenced to GND 



1 

V 


Input Pull-Up Current 

Pins 26, 27; Vqut = V+-3V 

Pins 17. 24; VouT = V+-3V 


5 

25 


pA 

pA 


Input Pull-Down Current 

Pin 21; Vout = GND = +3V 


1 


^A 


Oscillator Output Current, High 

VouT = 2.5V 


1 


mA 


Oscillator Output Current, Low 

Vqut = 2.5V 


1.5 


mA 


Buffered Oscillator Output 
Current, High 

Vqut = 2.5V 


2 


mA 

1 


Buffered Oscillator Output 
Current, Low 

Vqut = 2.5V 


5 


mA 

tw 

Mode Input Pulse Width 


60 



ns 


HANDLING PRECAUTIONS: These devices are CMOS and must be handled correctly to prevent damage. Package 
and store only in conductive foam, anti-static tubes, or other conducting material. Use proper anti-static handling 
procedures. Do not connect in circuits under *'power-on" conditions, as high transients may cause permanent 
damage. 
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PIN DESCRIPTION 


40-Pm DIP 
Pin Number 

Name 

Description 


1 

GND 

Digital ground, OV, ground return for all digital logic. 

2 

STATUS 

Output high during integrate and deintegrate until data is latched. Output low when analog 
section is in auto-zero or zero-integrator configuration. 

3 

POL 

Polarity — High for positive input. 1 


4 

OR 

Overrange — High if overranged. 


5 

B-12 

Bit 12 (Most Significant Bit) 


6 

Bii 

Bit 11 


7 

Bio 

Bit 10 


8 

Bg 

Bit 9 


9 

Be 

Bit 8 

► All Three-State Data Bits 

10 

B? 

Bit 7 

11 

Be 

Bit 6 


12 

Be 

Bits 


13 

B4 

Bit 4 


14 

Be 

Bit 3 


15 

B2 

Bit 2 


16 

Bi 

Bit 1 (Least Significant Bit) 


17 

TEST 

Input High — Normal operation. Input Low — Forces all bit outputs high. 

Note: This input is used for test purposes only. 

18 

LBEN 

Low-Byte Enable — With MODE (Pin 21) low, and CE/LOAD (Pin 20) low, taking this pin low 
activates low-order byte outputs, B1-B8. With MODE (Pin 21) high, this pin serves as low-byte 
flag output used in handshake mode. See Figures 7, 8, and 9. 

19 

HBEN 

High-Byte Enable — With MODE (Pin 21) low, and CE/LOAD (Pin 20) low, taking this pin low 
activates high-order byte outputs, B9-B12, POL, OR. With MODE (Pin 21) high, this pin serves 
as high-byte flag output used in handshake mode. See Figures 7, 8, and 9. 

20 

CE/LOAD 

Chip Enable/Load —With MODE (Pin 21) low, CE/LOAD serves as a master output enable. 

When high, B1-B12, POL, OR outputs are disabled. When MODE (Pin 21) is high, a load 
strobe is used in handshake mode. See Figure 7, 8, and 9. 

21 

MODE 

Input Low — Direct output mode where CE/LOAD (Pin 20), HBEN (Pin 19), and LBEN (Pin 18) 


act as inputs directly controlling byte outputs. 

Input Pulsed High — Causes immediate entry into handshake mode and output of data as in 
Figure 9. _ _ 


Input High — Enables CE/LOAD (Pin 20), HBEN (Pin 19), and LBEN (Pin 18) as outputs, 
handshake mode will be entered and data output as in Figures 7 and 8 at conversions completion. 


22 

OSC IN 

Oscillator Input 

23 

OSC OUT 

Oscillator Output 

24 

OSC SEL 

Oscillator Select — Input high configures OSC IN, OSC OUT, BUF OSC OUT as RC oscillator — 
clock will be same phase and duty cycle as BUF OSC OUT. Input low configures OSC IN, 

OSC OUT for crystal oscillator — clock frequency will be 1/58 of frequency at BUF OSC OUT. 

25 

BUFOSC OUT 

Buffered Oscillator Output 

26 

RUN/HOLD 

Input High — Conversions continuously performed every 8192 clock pulses. 

Input Low — Conversion in progress completed; converter will stop in auto-zero seven counts 
before integrate. 

27 

SEND 

Input — Used in handshake mode to indicate ability of an external device to accept data. 

Connect to \/+ if not used. 

28 

V" 

Analog Negative Supply — Nom.inally -5V with respect to GND (Pin 1). 

29 

REF OUT 

Reference Voltage Output — Nominally 2.8V down from V"^ (Pin 40). 
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PIN DESCRIPTION (Cont.) 

40-Pin DIP 
Pin Number 

Name 

Description 

30 

BUFFER 

Buffer Amplifier Output 

31 

AUTO-ZERO 

Auto-Zero Node — Inside foil of Caz- 

32 

INTEGRATOR 

Integrator Output — Outside foil of Cinj. 

33 

COMMON 

Analog Common — System is auto-zeroed to COMMON. 

34 

INPUT LOW 

Differential Input Low Side 

35 

INPUT HIGH 

Differential Input High Side 

36 

REF IN + 

Differential Reference input Positive 

37 

REF CAP + 

Reference Capacitor Positive 

38 

REF CAP - 

Reference Capacitor Negative 

39 

REFIN- 

Differential Reference Input Negative 

40 

V+ 

Positive Supply Voltage — Nominally +5V with respect to GND (Pin 1). 

NOTE: All digital levels are positive true. 

1-1 


+5V 


GND 


+5V 
5-12 

11 
11 
11 
16 


GND 


20 


SERIAL 

INPUT 


25 


SERIAL 

OUTPUT 


V 

TRC 

OSC CONTROL 

OSC IN 

GND 

EPE 

RRD 

CLS1 


CLS2 

RBR1-8 

SBS 

6403 

Dl 

CMOS UART 1 

PE 

CRL 

FE 


OE 

*TBRl-8 

SFD 

TRE 


DRR 

RR1 

DR 


TBRL 


TBRE 

TRO 

MR 


39 


38 1 


37 1 


36 



RESET 


CD4040B 

CLK 




10 


GND • 


25 


-+5V 


^^GND 


y- 


8/ 9-16 


^^ 

17 

18 

18 

19 

21 

23 

20 

22 

27 

— GND 




GND 

REFIN"" 

BUFF OSC OUT 

REF CAP" 

STATUS 

REF CAP* 


REFIN* 

HBEN 

IN HI 


INLO 

TC7109A COM 

B9-B12, 

INT 

POL, OR 



AZ 

B1-B8 

BUFF 

TEST 

REF OUT 

LBEN 

V" 

MODE 

RUN/HOLD 

CBLOAD 

OSC SEL 

SEND 

OSC OUT 


OSC IN 


40 

39 

-+5V 


38 


■V/ 

37 

jlpF 

b 

R 

36 



35 

1 MQ 
_AAA 

"V./ 

34 

-T-O.OI mF _ 

i33 I r 

32 

1 |C|NT 

"V/ 

iU 

,Ca2"o.15mF 

1 


INPUT 


ANALOG 

GND 


30 


<0.33 uF 


^ R,Nt 20ka0.2VREp 


100 kO IV, 


REF 


+5VOROPEN 


GND 
23 


22 


^ 3.58 MHz 


O 


CRYSTAL 


*NOTE: For lowest power consumption, TBR1-TBR8 inputs 
should have 100 kO pull-up resistors to +5V. 


Figure 1 TC7109A UART Interface (Send Any Word to UART to Transmit Latest Result) 
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+5V- 


HDh 



1 


4 


_5 


6 


GNO- 


J] 
8 
9 
11 

.5vJi 


+5V 

+5V 


GND 


20 


XTALI 


TO 


RESET 

SS 

iRf 


XTAL2 


P20-P27 


8748/8049 
CMOS 

MICROCOMPUTER 


EA 

P14-P17 

WR 


PSEN 

P13 

ALE 

PI 2 

PROG 

P11 

''dd 

P10 


TL 

vcc 


GND 


DB0-DB7 

RD 


21-24, 

35-38 


31-34 


+5V 

GND 






OTHER I/O 


30 

26 

29 

2 

28 

18 

27 

19 


/ 3-8 

12-19 / 

/e 

10 

20 



REF IN- 

GND 

REF CAP- 

TEST 

REF CAP-" 


REF IN + 


IN HI 


HI LO 

TC7109A COmI 


INT 


AZ 

RUN/H^ 

BUFF 

STATUS 

REF OUT 

LBEN 

V“ 

HBEN 

SEND 


BUFF OSC OUT 

B9-B12, 


POL, OR 

OSC SEL 


OSC OUT 

B1-B8 

OSC IN 

CE/LOAD 

MODE 


38 


-o 

37 

= 1=1 PF 

E 

R 

36 



35 

1 

34 

_I_ 'VVV^ 
MF _ 

|33 I : 

32 

I |C|NT 


31 


1 


39 


INPUT 


GND 




A/VW 

Rint 

20 kQ 0.2 Vr£p 
100 kfi 1 Vrpp 


GND 


22 Q 


3.58 MHz 
CRYSTAL 


21 


Figure 2 TC7109A Parallel Interface With 8048/8049 Microcomputer 


DETAILED DESCRIPTION 
Analog Section 

The functional diagram shows a block diagram of the 
analog section of the TC7109A. The circuit will perform 
conversions at a rate determined by the cloc k frequ ency 
(8192 clock periods per cycle), when the RUN/HOLD input 
is left open or connected to V+. Each measurement cycle Is 
divided Into four phases, as shown in Figure 3. They are: 
(1) Auto-Zero (AZ), (2) Signal Integrate (INT), (3) Reference 
Deintegrate (DE), and (4) Zero Integrator (Zl). 

Auto-Zero Phase 

The buffer and the integrator inputs are disconnected 
from input high and input low and connected to analog 
common. The reference capacitor is charged to the refer¬ 
ence voltage. A feedback loop is closed around the system 
to charge the auto-zero capacitor, Caz. to compensate for 
offset voltage in the buffer amplifier, integrator, and com¬ 
parator. Since the comparator Is included in the loop, the AZ 
accuracy is limited only by the noise of the system. The offset 
referred to the input Is less than 10 pV. 


Signal-Integrate Phase 

The buffer and Integrator inputs are removed from 
common and connected to input high and input low. The 
auto-zero loop is opened. The auto-zero capacitor is placed 
in series In the loop to provide an equal and opposite 
compensating offset voltage. The differential voltage be¬ 
tween input high and input low Is integrated for a fixed time 
of 2048 clock periods. At the end of this phase, the polarity 
of the integrated signal is determined. If the input signal has 
no return to the converter's power supply, input low can be 
tied to analog common to establish the correct common¬ 
mode voltage. 

Deintegrate Phase 

Input high is connected across the previously-charged 
reference capacitor and input low is internally connected to 
analog common. Circuitry within the chip ensures the ca¬ 
pacitor will be connected with the correct polarity to cause 
the integrator output to return to the zero crossing (estab¬ 
lished by auto-zero) with a fixed slope. The time, repre¬ 
sented by the numberof clock periods counted for the output 
to return to zero, is proportional to the input signal. 
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Zero-integrator Phase 

The Zl phase only occurs when an input overrange 
condition exists. The function of the Zl phase Is to eliminate 
residual charge on the integrator capacitor after an overrange 
measurement. Unless removed, the residual charge will be 
transferred to the auto-zero capacitor and cause an error in 
the succeeding conversion. 

The Zl phase virtually eliminates hysteresis or "cross 
talk" in multiplexed systems. An overrange input on one 
channel will not cause an error on the next channel mea¬ 
sured. This feature is especially useful in thermocouple 
measurements, where unused (or broken thermocouple) 
inputs are pulled to the positive supply rail. 

During Zl, the reference capacitor is charged to the 
reference voltage. The signal inputs are disconnected from 
the buffer and integrator. The comparator output is con¬ 
nected to the buffer Input, causing the integrator output to be 
driven rapidly to OV (Figure 3). The Zl phase only occurs 
following an overrange and lasts for a maximum of 1024 
clock periods. 

Differential Input 

The TC7109A has been optimized for operation with 
analog common near digital ground. With +5V and -5V 
power supplies, a full ±4V full-scale integrator swing maxi¬ 
mizes the analog section's performance. 

Atypical CMRR of 86dB is achieved for input differential 
voltages anywhere within the typical common-mode range 
of 1V below the positive supply to 1.5V above the negative 
supply. However, for optimum performance the IN HI and IN 
LO inputs should not come within 2V of either supply rail. 
Since the integrator also swings with the common-mode 
voltage, care must be exercised to ensure the integrator 
output does not saturate. A worst-case condition Is near a 
full-scale negative differential input voltage with a large 
positive common-mode voltage. The negative Input signal 
drives the integrator positive when most of its swing has 
been used up by the positive common-mode voltage. In 
such cases, the integrator swing can be reduced to less than 
the recommended ±4V full-scale value, with some loss of 
accuracy. The integrator output can swing to within 0.3V of 
either supply without loss of linearity. 

Differential Reference 

The reference voltage can be generated anywhere 
within the power supply voltage of the converter. Roll-over 
voltage is the main source of common-mode error, caused 
by the reference capacitor losing or gaining charge due to 
stray capacity on its nodes. With a large common-mode 
voltage, the reference capacitor can gain charge (increase 
voltage) when called upon to deintegrate a positive signal 
and lose charge (decrease voltage) when called upon 
to deintegrate a negative input signal. This difference in 


reference for (+) or (-) input voltage will cause a roll-over 
error. This errorcan be held to less than 0.5 count worst case 
by using a large reference capacitor in comparison to the 
stray capacitance. To minimize roll-over error from these 
sources, keep the reference common-mode voltage nearer 
at analog common. 

Digital Section 

The digital section is shown in the block diagram (Fig¬ 
ure 4) and includes the clock oscillator and scaling circuit, 
a 12-bit binary counter with output latches and TTL com¬ 
patible three-state output drivers. UART handshake logic, 
polarity, overrange, and control logic. Logic levels are re¬ 
ferred to as "low" or "high." 

Inputs driven from TTL gates should have 3 kW to 5 kW 
pull-up resistors added for maximum noise immunity. For 
minimum power consumption, all inputs should swing from 
GND(low) to V+ (high). 

STATUS Output 

During a conversion cycle, the STATUS output goes 
high at the beginning of signal integrate and goes low one- 
half clock period after new data from the conversion has 
been stored in the output latches (see Figure 3). The signal 
may be used as a "data valid" flag to drive interrupts, or for 
monitoring the status of the converter. (Data will not change 
while status is low.) 

MODE Input 

The output mode of the converter is controlled by the 
MODE input. The converter is in its "direct" output mode, 
when the MODE input is low or left open. The output data is 
directly accessible under the control of the chip and byte 
enable inputs (this input is provided with a pull down resistor 
to ensure a low level when the pin is left open). When the 
MODE input is pulsed high, the converter enters the UART 
handshake mode and outputs the data in 2 bytes, then 
returns to "direct" mode. When the MODE input is kept high, 
the converter will output data in the handshake mode at the 
end of every conversion cycle. With MODE = 0 (direct bus 
transfer), the send input should be tied to V+. (See "Hand¬ 
shake Mode.") 


RUN/HOLD Input _ 

With the RUN/HOLD input high, or open, the circuit 
operates normally as a dual-slope ADC, as shown in Figure 
3. Conversion cycles operate continuously with the output 
latches updated after zero crossing in the deintegrate mode. 
An internal pull-up resistor is provided to ensure a high level 
with an open Input. 
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INTEGRATOR OUTPUT 
FOR OVERRANGE INPUT 


INTEGRATOR OUTPUT 
FOR NORMAL INPUT 


INTERNAL CLOCK 


INTEGRATOR _ 
SATURATES 


INT _ 
PHASE II 


TC7109 

TC7109A 


NO ZERO ^ 
CROSSING 
ZERO CROSSING 
^OCCURS 

ZERO CROSSING 
/ DETECTED 


ZERO INTEGRATOR 
PHASE FORCES 
INTEGRATOR 
OUTPUT TO OV 


INTERNAL LATCH 
STATUS OUTPUT 


2048 

-COUNTS- 
MIN 


FIXED 
- 2048 - 
COUNTS 


NUMBER OF COUNTS TO ZERO CROSSING 
PROPORTIONAL TO V,M ' 


4096 

-COUNTS-M 

MAX > 

AFTER ZERO CROSSING, ANALOG SECTION 
WILL BE IN AUTO-ZERO CONFIGURATION 


Figure 3 Conversion Timing (RUN/HOLD Pin High) 


HIGH-ORDER __ LOW-ORDER _^ 

BYTE OUTPUTS BYTE OUTPUTS 

BBBBBBBBBBBB 
TEST POLOR 12 11 10 9 8 7 6 5 4 3 2 1 
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DETERMINATED 
AT ZERO CROSSING > 
DETECTION 


AUTO-ZERO 
PHASE I 

MIN 1790 COUNTS 
MAX 2041 COUNTS 


INTEGRATOR OUTPUT 
INTERNAL CLOCK 

INTERNAL LATCH 
STATUS OUTPUT 
RUN/HOLD INPUT 


STATIC IN 
HOLD STATE 

INT 


^ / INI_^ 

___ i i - 

Tj^^innnv^nnnnjuv^a^ijuuui”' ^TJuuinnnirir 

-1-1-e .—. - -.i r^ 

-L___I_ i:::M _^ . 


X 

*NOTE: RUN/HOLD input is ignored until end of auto-zero phase. 


Figure 5 TC7109A RUN/HOLD Operation 


The RUN/HOL D input may be used to shorten conver¬ 
sion time. If RUN/HOLD goes low any time after zero 
crossing in the deintegrate mode, the circuit will jump to 
auto-zero and eliminate that portion of time normally spent 
in deintegr ate. 

If RUN/HOLD stays or goes low, the conversion will 
complete with minimum time in deintegrate. It will stay In 
auto-zero for the minimu m time and wait in auto-zero for a 
high at the RUN/HOLD input. As shown in Figure 5, the 
STATU S output will go high 7 clock periods after RUN/ 
HOLD is changed to high, and the converter will begin the 
integrate pha se of th e next conversion. 

The RUN/HOLD input allows controlled conversion in- 
terfa ce. Th e converter may be held at idle in auto-zero with 
RUN/H OLD low. The conversion is started when RUN/ 
HOLD goes high, and the new data Is valid when the 
STATUS output goes low ( or is tra nsferred to the UART; see 
"Handshake Mode"). RUN/HOLD may now go low, terminat¬ 
ing deintegrate and ensuring a minimum auto-zero time 
before stopping to wait for the next conver sion. C onversion 
time can be minimized by ensuring RUN/HOLD goes low 
during deintegrate, after zero crossing, and goes high after 
the hol d point is reached. The required activity on the RUN/ 
HOLD input can be provided by connecting it to the buffered 
oscillator output. In this mode, the input value measured 
determines the conversion time. 

Direct Mode 

The data outputs (bits 1 through 8, low-order bytes; bits 
9 through 12, polarity and overrange high-order bytes) are 
accessible under control of the byte and chip enable termi¬ 
nals as inputs with the MODE pin at a low level. These three 
inputs are all active low. Internal pull-up resistors are pro¬ 
vided for an inactive high level when left open. When chip 
enable is low, a byte-enable input low will allow the outputs 
of the byte to become active. A variety of parallel data 


accessing techniques may be used, as shown in the "Inter¬ 
facing" section. (See Figure 6 and Table I.) 

The access of data should be synchronized with the 
conversion cycle by monitoring the STATUS output. This 
prevents accessing data while it is being updated and 
eliminates the acquisition of erroneous data. 



Table I TC7109A Direct Mode Timing Requirements 


Symbol 

Description 

Min 

Typ 

Max 

Units 

tsEA 

Byte Enable Width 

200 

500 


ns 

tOAB 

Data Access Time 
From Byte Enable 


150 

300 

ns 

toHB 

Data Hold Time 

From Byte Enable 


150 

300 

ns 

tCEA 

Chip Enable Width 

300 

500 


ns 

tOAC 

Data Access Time 
From Chip Enable 


200 

400 

ns 

tOHC 

Data Hold Time 

From Chip Enable 


200 

400 

ns 
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Handshake Mode 

An alternative means of interfacing the TC7109A to 
digital systems is provided when the handshake output 
mode of the TC7109A becomes active in controlling the 
flow of data instead of passively responding to chip and 
byte enable inputs. This mode allows a direct interface 
between the TC7109A and industry-standard UARTs with 
no external logic required. The TC7109A provides all the 
control and flag signals necessary to sequence the two 
bytes of data into the UART and initiate their transmission 
in serial form when triggered into the handshake mode. 
The cost of designing remote data acquisition stations is 
reduced using serial data transmission to minimize the 
number of lines to the central controlling processor. 

The MODE input controls the handshake mode. When 
the MODE input is held high, the TC7109A enters the 
handshake mode after new data has been stored in the 
output latches at the end of every conversion performed 
(see Figures 7 and 8). Entry into the handshake mode may 
be triggered on demand by the MODE input. At any time 
during the conversion cycle, the low-to-high transition of a 
short pulse at the MODE input will cause immediate entry 
into the handshake mode. If this pulse occurs while new 
data is being stored, the entry into handshake mode is 
delayed until the data is stable. The MODE input is ignored 
in the handshake mode, and until the converter completes 
the output cycle and clears the handshake mode, data 
updating will be inhibited (see Figure 9). 

When the MODE input is high or when the converter 
enters the handshake mode, the chip and byte enable 
inputs become TTL-compatible outputs which provide the 
output cycle control signals (see Figures 7, 8 and 9). 

The SEND input is used by the converter as an indica¬ 
tion of the ability of the receiving device (such as a UART) 
to accept data in the handshake mode. The sequence of 
the output cycle with SEND held high is shown in Figure 7. 
The handshake mode (inter nal MODE high) is e ntered 
after the data latch pulse (the CE/LOAD, LBEN and HBEN 
terminals are active as outputs since MODE remains high). 

The high level at the SEND input is sensed on the 
same high-to-low internal clock edge. On the next low-to- 
high internal clock edge, the high-order byte (bits 9 through 
12, PO L, and O R) outputs are enabled and the CE/LOAD 
and the FIBEN outputs assume a low level. The CE/LOAD 
output remains low for one full Internal clock period only; 
the data outputs remain active for 1-1/2 internal clock 
periods; and t he high-by te enable remains low for 2 clock 
periods. The CE/LOAD output low level or low-to-high 
edge may be used as a synchronizing signal to ensure 
valid data, and the byte enable as an output may be used 
as a byte identification flag. With SEND remaining high the 


TC7109 

TC7109A 


conve rter completes the output cycle using CE/LOAD and 
LBEN while the low-order byte outputs (bits 1 through 8) 
are activated. When both bytes are sent, the handshake 
mode is terminated. The typical UART interfacing timing is 
shown In Figure 8. The SEND input is used to delay 
portions of the sequence, or handshake, to ensure correct 
data transfer. This timing diagram shows an industry-stan¬ 
dard HD6403 or CDP1854 CMOS UART to interface to 
serial data channels. The SEND input to the TC7109A is 
driven by the TBRE (Tran smitter Bu ffer Register Empty) 
output of the UART, and the CE/LOAD input of the TC7109A 
drives the TBRL (Transmitter Buffer Register Load) input to 
the UART. The eight transmitter buffer register inputs ac¬ 
cept the parallel data outputs. With the UART transmitter 
buffer register empty, the SEND input will be high when the 
handshake mode is entered after new data is s tored. The 
high -order byte outputs become active and the CE/LOAD 
and FIBEN inputs will go low after SEND is sensed. When 
CE/LOAD goes high at the end of one clock period, the 
high-order byte data is clocked into the UART transmitter 
buffer register. The UART TBR E outp ut will go low, which 
halts the output cycle with the HBEN output low, and the 
high-order byte outputs active. When the UART has trans¬ 
ferred the data to the transmitter register and cleared the 
transmitter buffer register, the TBRE returns high. The 
high-order byte outputs are disabled on the next TC7109A 
internal cl ock hig h-to-low edge, and one-ha lf internal c lock 
later, the HBEN output returns high. The CE/LOAD and 
LBEN outputs go low at the same time as the lo w-order 
byte outputs become active. When the CE/LOAD returns 
high at the end of one clock period, the low-order data is 
clocked into the UART transmitter buffer register, and TBRE 
again goes low. The next TC7109A internal clock high-to- 
low edge will sense when TBRE returns to a high, disabling 
the data inputs. One-half interna l clock lat e r, the hand¬ 
shake mode is cleared, and the CE/LOAD, HBEN and 
LBEN terminals return high and stay active, if MODE still 
remains high. 

Handshake output sequences may be performed on 
demand by triggering the converter into handshake mode 
with a low-to-high edge on the MODE input. A handshake 
output sequence triggered is shown in Figure 9. The SEND 
input is low when the converter enters handshake mode. 
The whole output sequence is controlled by the SEND 
Input, and the sequence for the first (high order) byte is 
similar to the sequence for the second byte. 

Figure 9 also shows that the output sequence can take 
longer than a conversion cycle. New data will not be latched 
when the handshake mode is still in progress and is there¬ 
fore lost. 
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INTEGRATOR 

OUTPUT 


INTERNAL CLOCK 

INTERNAL LATCH 
STATUS OUTPUT 

MODE INPUT 


INTERNAL MODE 
SEND INPUT 


/ZERO CROSSING OCCURS 

1 ^ ZERO CROSSING DETECTED 


UART 

NORM 


CeLOAD 

HBEN 


HIGH-BYTE DATA 
LBEN 


LOW-BYTE DATA 




SEND SENSED^. 




DATA VALID 


S MODE HIGH ACT I VATE S 

CeiOAD, HBEN, LBEN 
--- 


SEND SENSED 








DATA VALID 


TERMINATES 

UART MOD E |y,oDE LOW, 
NOTIN 
HANDSHAKE 
MODE 
DISABLES 
OUTPUTS 


v.l.i. 

^ ^CE/LOAD, 


..iA.J 


/ 


HBEN , 

LBEN 


» ! » - DON'T CARE _- = THREE-STATE _ 

HIGH IMPEDANCE WITH PULL-UP 


-l-f- = three-state 


Figure 7 TC7109A Handshake With Send Input Held Positive 



Figure 8 TC7109A Handshake — Typical UART Interface Timing 
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Figure 9 TC7109A Handshake Triggered by MODE Input 


Oscillator 

The oscillator may be overdriven, or may be operated as 
an RC or crystal oscillator. The OSCILLATOR SELECT 
input optimizes the internal configuration of the oscillator for 
RC or crystal operation. The OSCILLATOR SELECT input 
is provided with a pull-up resistor. When the OSCILLATOR 
SELECT input is high or left open, the oscillator is configured 
for RC operation. The internal clock will be the same 
frequency and phase as the signal at the BUFFERED 
OSCILLATOR OUTPUT. Connect the resistor and capaci¬ 
tor as in Figure 10. The circuit will oscillate at a frequency 
given by f = 0.45/RC. A 100 kQ resistor is recommended for 
useful ranges of frequency. The capacitor value should be 
chosen such that 2048 clock periods are close to an Integral 
multiple of the 60 Hz period for optimum 60 Hz line rejection. 

With OSCILLATOR SELECT input low, two on-chip 
capacitors and a feedback device are added to the oscillator. 
In this configuration, the oscillator will operate with most 
crystals in the 1 to 5 MHz range with no external components 


(Figure 11). The OSCILLATOR SELECT input low inserts a 
fixed -^58 divider circuit between the BUFFERED OSCIL¬ 
LATOR OUTPUT and the internal clock. A 3.58 MHz TV 
crystal gives a division ratio providing an integration time 
given by: 

t = (2048 clock periods) 3 53 MHz “ ® 

The error is less than 1 % from two 60 Hz periods, or 
33.33 ms, which will give better than 40 dB, 60 Hz rejection. 
The converter will operate reliably at conversion rates up 
to 30 per second, corresponding to a clock frequency of 
245.8 kHz. 

When the oscillator is to be overdriven, the OSCILLA¬ 
TOR OUTPUT should be left open, and the overdriving 
signal should be applied at the OSCILLATOR INPUT. The 
internal clock will be of the same duty cycle, frequency and 
phase asthe input signal. When the OSCILLATOR SELECT 
is at GND, the clock will be 1/58 of the input frequency. 
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Figure 10 TC7109A RC Oscillator 
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Figure 11 TC7109A Crystal Oscillator 


Test Input 

The counter and its outputs may be tested easily. When 
the TEST input is connected to GND, the internal clock is 
disabled and the counter outputs are all forced into the high 
state. When the input returns to the 1/2 (V^-GND) voltage or 
to and one clock is input, the counter outputs will all be 
clocked to the low state. 

The counter output latches are enabled when the TEST 
input is taken to a level halfway between and GND, 
allowing the counter contents to be examined anytime. 

Component Value Selection 

The integrator output swing for full-scale should be as 
large as possible. For example, with ±5V supplies and 
COMMON connected to GND, the nominal integrator output 
swing at full-scale is ±4V. Since the integrator output can go 
to 0.3V from either supply without significantly effecting 
linearity, a 4V integrator output swing allows 0.7V for varia¬ 
tions in output swing due to component value and oscillator 
tolerances. With ±5V supplies and a common-mode voltage 
range of ±1V required, the component values should be 
selected to provide ±3V integrator output swing. Noise and 


roll-over errors will be slightly worse than in the ±4V case. 
For large common-mode voltage ranges, the integrator 
output swing must be reduced further. This will increase both 
noise and roll-over errors. To improve performance, ±6V 
supplies may be used. 

Integrating Capacitor 

The Integrating capacitor, Cint, should be selected to 
give the maximum integrator output voltage swing that will 
not saturate the integrator to within 0.3V from either supply. 
A ±3.5V to ±4V integrator output swing Is nominal for the 
TC7109A, with ±5V supplies and analog common con¬ 
nected to GND. For 7-1/2 conversions per second (61.72 
kHz internal clock frequency), nominal values Cint and Caz 
are 0.15 pF and 0.33 pF, respectively. These values should 
be changed If different clock frequencies are used to main¬ 
tain the integrator output voltage swing. The value of Cint is 
given by: 

C (2048 X Clock Period) (20 pA) 

~ Integrator Output Voltage Swing 

The Integrating capacitor must have low dielectric ab¬ 
sorption to prevent roll-over errors. Polypropylene capaci¬ 
tors give undetectable errors, at reasonable cost, up to 
+85°C. Teflon® capacitors are recommended forthe military 
temperature range. While their dielectric absorption charac¬ 
teristics vary somewhat between units, devices may be 
selected to less than 0.5 count of error due to dielectric 
absorption. 

Integrating Resistor 

The integrator and buffer amplifiers have a class A 
output stage with 100 pA of quiescent current. They supply 
20 pA of drive current with negligible nonlinearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2.048V full-scale a 100 kQ resistor is 
recommended and for 409.6 mV full-scale a 20 kCi resistor 
is recommended. R|nt nnay be selected for other values of 
full scale by: 

_ Full-Scale Voltage 
-20]iA-- 

Auto-Zero Capacitor 

As the auto-zero capacitor is made large, the system 
noise is reduced. Since the TC7109A incorporates a zero 
integrator cycle, the size of the auto-zero capacitor does not 
affect overload recovery. The optimal value of the auto-zero 
capacitor is between 2 and 4 times Cint- A typical value for 
Caz is 0.33 pF. 
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The inner foil of Caz should be connected to pin 31 and 
the outer foil to the RC summing junction. The inner foil of 
Cint should be connected to the RC summing junction and 
the outer foil to pin 32 for best rejection of stray pickups. For 
low leakage at temperatures above +85®C, use Teflon 
capacitors. 

Reference Capacitor 

A 1 |iF capacitor is recommended for most circuits. 
Flowever, where a large common-mode voltage exists, a 
larger value is required to prevent roll-over error (e.g., the 
reference low is not analog common), and a 409.6 mV scale 
is used. The roll-over error will be held to 0.5 count with a 10 
[if capacitor. For temperatures above +80°C use Teflon or 
equivalent capacitors for their low leakage characteristics. 

Reference Voltage 

To generate full-scale output of 4096 counts, the analog 
input required is Vin = 2 Vref- For 409.6 mV full scale, use 
a reference of 204.8 mV. In many applications, where the 
ADC is connected to a transducer, a scale factor will exist 
between the input voltage and the digital reading. For 
instance, in a measuring system, the designer might like to 
have afull-scale reading when the voltage for the transducer 
is 700 mV. Instead of dividing the input down to 409.6 mV, 
the designer should use the input voltage directly and select 
Vref = 350 mV. Suitable values for integrating resistor and 
capacitor would be 34 kQ. and 0.15 [if. This makes the 
system slightly quieter and also avoids a divider network on 
the input. Another advantage of this system occurs when 
temperature and weight measurements with an offset ortare 
are desired for non-zero input. The offset may be introduced 
by connecting the voltage output of the transducer between 
common and analog high, and the offset voltage between 
common and analog low, observing polarities carefully. In 
processor-based systems using the TC7109A, it may be 
more desirable to use software and perform this type of 
scaling or tare subtraction digitally. 

Reference Sources 

A major factor in the absolute accuracy of the ADC is the 
stability of the reference voltage. The 12-bit resolution of the 
TC7109A is one part In 4096, or 244 ppm. Thus, for the on¬ 
board reference temperature coefficient of 70 ppm/°C, a 
temperature difference of 3°C will introduce a one-bit abso¬ 
lute error. Where the ambient temperature is not controlled, 
or where high-accuracy absolute measurements are being 
made, it is recommended an external high-quality 
reference be used. 


TC7109 

TC7109A 


A reference output (pin 29) Is provided which may be 
used with a resistive divider to generate a suitable reference 
voltage (20 mA may be sunk without significant variation in 
output voltage). A pull-up bias device is provided which 
sources about 10 ^lA. The output voltage is nominally 2.8V 
below V+. When using the on-board reference, REF OUT 
(pin 29) should be connected to REF“ (pin 39), and REF+ 
should be connected to the wiper of a precision potentiom¬ 
eter between REF OUT and V+. The test circuit shows the 
circuit for a 204.8 mV reference, generated by a 2 kO 
precision potentiometer in series with a 24 k£2 fixed resistor. 

Interfacing 

Direct Mode 

Combinations of chip-enable and byte-enable control 
signals which may be used when interfacing the TC7109A 
to parallel data lines are shown in Figure 12. The CE/LOAD 
input may be tied low, allowing either byte to be controlled 
by its own enab le (Figure 12A). Figure 12B shows the 
FIBEN and LBEN as flag inputs, and CE/LOAD as a master 
enable, which could be the READ strobe available from 
most microprocessors. Figure 12C shows a configuration 
where the two byte enables are co nnecte d to gether. The 
CE/LOAD Is a chip enable, and the HBEN and LBEN may 
be used as a second chip enable, or connected to ground. 
The 14 data outputs will be enabled at the same time. In 
the direct MODE, SEND should be tied to V+. 

Figure 13 sh ows in terfa cing s everal TC7109A's to a 
bus, ganging the HBEN and LB EN signals to several con¬ 
verters together, and using the CE/LOAD input to select 
the desired converter. 

Figures 14-19 give practical circuits utilizing the paral¬ 
lel three-state output capabilities of the TC7109A. Figure 
14 shows parallel Interface to the Intel MCS-48, -80 and - 
85 systems via an 8255 PPI, where the TC7109A data 
outputs are active at all times. The 8155 I/O ports may be 
used in an identical manner. This interface can be used in a 
read-after-update sequence, as shown in Figure 15. The 
data Is accessed by the high-to-low transition of the STA¬ 
TUS driving a n interr upt to the microprocessor. 

The RUN/HOLD Input is also used to initiate conver¬ 
sions under software control. Figure 16 gives an interface 
to Motorola MC6800 or MOS Technology MCS650X sys¬ 
tem. 

An interrupt Is generated through the Control Register 
B, CB1 line from t he high -to-low transition of the STATUS 
output. The RUN/HOLD pin is controlled by CB2 through 
Control Register B, allowing software control of conver¬ 
sions. 
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Direct interfacing to most microprocessor busses is 
easily accomplished through the three-state output of the 
TC7109A. 

Figures 1,17 and 18 are typical connection diagrams. 
To ensure requirements for setup and hold times, minimum 
pulse widths, and the drive limitations on long busses are 


met, it is necessary to carefully consider the system timing 
in this type of interface. This type of interface is used when 
the memory peripheral address density is low, providing 
simple address decoding. Interrupt handling can be simpli¬ 
fied by using an interface to reduce the component count. 



Figure 12 Direct Mode Chip and Byte Enable Combinations 


CONVERTER CONVERTER CONVERTER 

SELECT SELECT SELECT 



Figure 13 Three-Stating Several TC7109A's to a Small Bus 
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Figure 14 Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputers 



(SEE TEXT) 


Figure 15 Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputers With Interrupt 
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Figure 16 Full-Time Parallel Interface to MC6800 or MCS650X Microprocessor 



Figure 17 TC7109A Direct interface to 8080/8085 
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Figure 18 TC7109A Direct interface to MC6800 Bus 



Figure 19 TC7109A Handshake Interface to MCS-48, -80, -85 Microcomputers 
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Handshake Mode 

The handshake mode provides an interface to a wide 
variety of external devices. The byte enables may be used 
as byte Identification flags or as load enables and extern al 
latches may be clocked by the rising edge of CE/LOAD. A 
handshake interface to Intel microprocessors using an 8255 
PPI is shown in Figure 19. The handshake operation with 
the 8255 Is controlled by inverting Its Input Buffer Full (IBF) 
flag to drive the SEND input to the TC7109A, and using the 
CE/LOAD to drive the 8255 strobe. The internal control 
register of the PPI should be set in MODE 1 for the port 
used. If the 8255 IBF flag is low and the TC7109A is in 
handshake mode, the next word will be strobed into the 
port. The strobe will cause IBF to go high (SEND goes low), 
which will keep the enabled byte outputs active. The PPI 
will generate an interrupt which, when executed, will result 
in the data being read. The IBF will be reset low when the 
byte is read, causing the TC7109A to sequence into the 
next byte. The MODE input to the TC7109A is connected to 
the control line on the PPI. 

The data from every conversion will be sequenced in 
two bytes in the system, if this output is left high, or tied high 
separately. (The data access must take less time than a 
conversion.) The output sequence can be obtained on 
demand if this output is made to go from low to high, and 
the interrupt may be used to reset the MODE bit. 

Conversions may be obtain ed on c ommand under soft¬ 
ware control by driving the RUN/HOLD input to the TC7109A 


by a bit of the 8255. Another peripheral device may be 
serviced by the unused port of the 8255. The 8155 may be 
used in a similar manner. The MCS650X micro proces sors 
are shown in Figure 20 with MODE and RUN/HOLD tied 
high to save port outputs. 

The handshake mode is particularly useful for directly 
interfacing to industry-standard UARTs (such as Western 
Digital TR1602), providing a means of serially transmitting 
converted data with minimum component count. 

A typical UART connection is shown in Figure 1. In this 
circuit, any word received by the UART causes the UART 
DR (Data Ready) output to go high. The MODE input to the 
TC7109A goes high, triggering the TC7109A into hand¬ 
shake mode. The high-order byte is output to the UART 
and when the UART has transferred the data to the Tra ns- 
mitter register, TBRE (SEND) goes high again, LBEN will 
go high, driving the UART DRR (Data Ready Reset) which 
will signal the end of the transfer of data from the TC7109A 
to the UART. 

An extension of the typical connection to several 
TC7109A's with one UART is shown in Figure 21. In this 
circuit, the word received by the UART (available at the 
RBR outputs when DR is high) Is used to select which 
converter will handshake with the UART. Up to eight 
TC7109A's may interface with one UART, with no external 
components. Up to 256 converters may be accessed on 
one serial line with additional components. 



Figure 20 TC7109A Handshake Interface to MCS-6800, MCS650X Microprocessors 
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Integrating Converter Features 

The output of integrating ADCs represents the integral, 
or average, of an input voltage over a fixed period of time. 
Compared with techniques in which the input is sampled and 
held, the integrating converter averages the effects of noise. 
A second important characteristic is that time is used to 
quantizethe answer, resulting in extremely small, nonlinearity 
errors and no missing output codes. The integrating con¬ 
verter also has very good rejection of frequencies whose 
periods are an integral multiple of the measurement period. 
This feature can be used to advantage in reducing line 
frequency noise (Figure 22). 



0.1/t 1/t 10/t 

INPUT FREQUENCY 


Figure 22 Normal Mode Rejection of Dual-Slope Converter as a 
Function of Frequency 
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BINARY OUTPUT ANALOG-TO-DIGITAL CONVERTERS 


FEATURES 

■ High Accuracy — Up to 12-Bit Resolution With 
<±1/2 LSB Error 

■ Monotonic Performance — No Missing Codes 

■ Monolithic CMOS Construction Gives Low Power 

Dissipation.20 mW Typ 

■ Contains All Required Active Elements — Needs 
Only Passive Support Components, Reference 
Voltage, and Dual-Power Supply 

■ High Stability Over Full Temperature Range 

— Gain Temperature Coefficient ...<25 ppm/°C Typ 

— Zero Drift.<30 ^V/°C Typ 

— Differential Nonlinearity Drift.<25 ppm/°C Typ 


■ Latched Parallel Binary Outputs 

■ Three-State, Bus Compatible Outputs 
(TC8704 and TC8705) 

■ LPTTL, 74LS, CMOS Compatible Outputs and 
Control Inputs 

■ Strobed or Free-Running Conversion 

■ Infinite Input Range — Any Positive Voltage Can 
Be Applied Via a Scaling Resistor 


TEST CIRCUIT 


0.1 mF 



NOTES: *Any Vref greater than -1V can be used: 


Rref = 


Vref 
-20 ^lA 


For example, with Vref = -5V, Rref = 250 kQ 
♦♦No connection for TC8702. 


1097-1 (4344) 
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GENERAL DESCRIPTION 

The TC8702/TC8704/TC8705 are 10- and 12-bit mono¬ 
lithic CMOS analog-to-digital converters (ADCs). Fully self- 
contained in a single 24-pln dual-in-line package, each 
converter requires only passive support components, refer¬ 
ence and power supplies. 

Conversion is performed by an incremental charge 
balancing technique which has inherently high accuracy, 
linearity and noise immunity. An amplifier integratesthe sum 
of the unknown analog current and pulses of a reference 
current, and the number of pulses (charge increments) 
needed to maintain the amplifier summing junction near 
zero are counted. At the end of conversion, the total count 
is latched into the digital outputs as a 10- or 12-bit binary 
word. 

The TC8704/8705 features a three-state output bus 
controlled by an output enable input. The output enable 
control switches to a high impedance or off-state when held 
high. The off-state allows bus-organized output connec¬ 
tions. On the TC8702, outputs are always active. 


PIN CONFIGURATION 







BIT 11 r— 
(MSB) LL 


2^ OUTPUT* 

^ ENABLE 


BIT 10 \T 


23] DATA VALID 


BIT 9 pY 
(TC8704 MSB) H- 

BITS |T 


22] BUSY 
^ INITIATE 
^CONV 


BIT7|T 

TC8702 

2^GND 

DIGITS 

BITS [T 

m^DD 

OUT * 

BITS [7 
BIT4 |T 

TC8704 

TC8705 

l8]Vss 

13'bias 


BIT 3 [T 


T^zero adj 


BIT 2 [10 


is] AMP OUT 


BIT1 [TT 


13'in 


(LSB) BITO IjI; 


13'hef 

NOTE: Do not make connections to pins 1 or 2 on TC8704. 


These pins are internally connected. 



* No connection for TC8702 

4344 ILL F02 


ORDERING INFORMATION 


Part No. 

Previous 

Part No. 

Resolution 

Conversion 
Time (ms) 

Package 

Temperature 

Range 

TC8702EHG 

TSC8702CN 

12-Bit 

20 

24-Pin CerDlP 

-40°C to +85'’G 

TC8702MJG 

TSC8702CN 

12-Bit 

20 

24-Pin GerDIP 

-55°Cto+125°C 

TC8704CPG 

TSC8704CJ 

10-Bit 

5 

24-Pin Plastic DIP 

0°C to +70°C 

TC8704EJG 

TSC8704CL 

10-Bit 

5 

24-Pin CerDlP 

-40"C to +85°C 

TC8704MJG 

TSC8704BL 

10-Bit 

5 

24-Pin CerDlP 

-55°Cto-i-125°C 

TC8705CPG 

TSC8705CJ 

12-Bit 

20 

24-Pin Plastic DIP 

0°C to +70°C 

TC8705EHG 

TSC8705CL 

12-Bit 

20 

24-Pin CerDlP 

-40°C to +85°C 

TC8705MHG 

TSC8705BL 

12-Bit 

20 

24-Pin CerDlP 

--55°Cto-i-125°C 
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ABSOLUTE MAXIMUM RATINGS 



Vdd - Vss .+18V 

Ills! .±10 mA 

Iref. ±10 mA 

Digital Input Voltage.-0.3V to Vdd +0.3V 

Operating Vdd and Vss Range.+3.5V to +7V 

Storage Temperature Range.-65°C to +150°C 

Operating Temperature Range 

CPG.0°Cto +70°C 

EJG.-40°C to +85°C 

MJG, MHG.-55°C to +125°C 


Package Dissipation.500 mW 

Lead Temperature (Soldering, 10 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vdd = +5V, Vss = ”5V, Vqnd = 0, Vref = —6.4V, Rbias = 100 kQ, test 
circuit shown, unless otherwise specified. Ta = +25°C unless full temperature range Is specified (-55°C to -f 125°C for 
MJG and MHG packages, -40°C to -i-85°C for EJG package, 0°C to +70°C for CPG package). 






CP/EJ 

MJ/MH 


Parameter 

Test Conditions Definition 

Min 

Typ 

Max 

Max 

Unit 


Accuracy 


Resolution Accuracy 

TC8704 Binary Word Length of 

TC87027rC8705 Digital Output 

10 

12 


— 

— 

Bits 

Bits 

Relative Accuracy Output Deviation From Straight Line 

Between Normalized Zero and 
Full-Scale Input 
(TC8705CPG Only) 


±1/4 

1 

±1/2 

±1.5 

±1/2 

LSB 

LSB 

Differential Deviation From 1 LSB Between 

Nonlinearity Transition Points 


±1/4 

±1/2 

±1/2 

LSB 

Differential Nonlinearity Full Temperature Variation in Differential Nonlinearity 

Temperature Drift Range Due to Temperature Change 

— 

±2.5 

±5 

±5 

ppm/°C 

Gain Variance Variation From Exact A (Compensate 

by Trimming Rin or Rref) 

— 

±2 

±5 

±5 

% of 
Nominal 

Gain Temperature Full Temperature Variation In A Due to Temperature 

Drift Range Change 

— 

±25 

±75 

±80 

ppm/®C 

Zero Offset liN = 0, C|nt = 68 pF, Correction at Zero Adjust to Give 

Radj = 1 kQ Zero Output When Input is Zero 

(See Test Circuit) 


±10 

±50 

±50 

mV 

Zero Temperature Full Temperature Variation in Zero Offset Due to 

Drift Range Temperature Change 

_1 

±3 

±5 

±8 

ppm/®C 


Analog Input (See Note) 


liN Full Scale 

Full-Scale Analog Input Current 
to Achieve Specified Accuracy 

— 

10 

— 

— 

pA 

Iref 

Reference Current Input to 

Achieve Specified Accuracy 

— 

-20 

— 

— 

pA 


Digital Input 


Vin('' 

Full Temperature 

Logic "1” Input Threshold for 

3.5 

— 

— 

— 

V 


Range 

Initiate Conversion Input 






V|N«» 

Full Temperature 
Range 

Logic "0" Input Threshold for 

Initiate Conversion Input 

— 

— 

1.5 

1.5 

V 
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ELECTRICAL CHARACTERISTICS (Cont.) 


Parameter 

Test Conditions 

Definition 

Min 

Typ 

CP/EJ 

Max 

MJ/MH 

Max 

_1 

Unit 

Propagation Delay 

Output Enable 

Cl = 100 pF, 

tpLHr tPHL 

— 

500 

— 

1000 

ns 

(TC8704, TC8705) 

Rl= 1 kO 








Digital Output 


lo(OFF) 

(TC8704, TC8705) 

OE = 3.5V 

0.4V < Vc < 2.4V 

Off-State Output Current 

— 

0.1 

±10 

±10 

pA 

VoUT^^^ 

Full Temperature 

Logic "1" Output Voltage 







Range, 

for Digits Out, Busy, and 

4.5 

— 

— 

— 

V 


louT = -10 pA 
louT = -500 pA 

Data Valid Outputs 

2.4 

— 

— 

— 

V 

VoUT^°^ 

Full Temperature 
Range, Vqd = 4.75V 
louT = 500 pA 

Logic "0" Output Voltage 
for Digits Out, Busy, and 

Data Valid Outputs 



0.4 

0.4 

V 


Dynamic 


Conversion Time Full Temperature Time Required to Perform One 

TC8704 Range Complete A/D Conversion 

TC8702, TC8705 

— 

5 

20 

-1 

6 

24 

6 

24 

ms 

ms 

Conversion Rate in Vint conv = +5V 

Free-Run Mode 

TC8704 

TC8702, TC8705 

167 

42 

200 

50 

— 

— 

sec 

Minimum Pulse Width Full Temperature 

for Initiate Conversion Range 

500 

— 

— 

— 

ns 


Supply Current 


Idd Quiescent 

J/H Packages Full Temperature Current Required From Positive 

P Package Range, Supply During Operation 

Vint conv = OV 

— 

1.4 

1.4 

2.5 

5 

3.5 

11 

Iss Quiescent 

J/H Packages Full Temperature Current Required From Negative 

P Package Range, Supply During Operation 

Vint conv = OV 

— 

-1.6 

-1.6 

-2.5 

-5 

-3.5 

< < 

£ £ 

Supply Sensitivity Vqd ±1V, Vss ±1V Change in Full-Scale Gain vs 

Supply Voltage Change 

— 

±0.5 

±1 

±1 

%/V 

IVddI = IVssI = Change in full-Scale Gain vs 

5V ±1V Supply Voltage Change for 

Tracking Supplies 


±0.05 

±0.1 

±0.1 

%/V 


NOTE: I|N and Iref pins connect to the summing junction of an operational amplifier. Voltage sources cannot be attached directly but must be 
buffered by external resistors. See "Test Circuit." 
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TIMING DIAGRAMS 


Clocked Mode 


Free-Run Mode 


INITIATE 

CONVERSION 


DATA 

VALID 


DIGITS 
OUT 




\ -^ 

_/j 

r 

< 

\ . . J 



1 

» 

DATA^ 

,, CHANGING 



< 

\ i . ' 

◄— CONVERSION —► 
TIME 

RECYCLE 



TIME 


«2,5 ps 
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CIRCUIT DESCRIPTION 


During conversion, the sum of a continuous current (Iin) 
and pulses of a reference current (Iref) is integrated for a 
fixed number of clock periods. Ijn is proportional to the 
analog voltage; Iref is switched in for exactly one clock 
period just frequently enough to maintain the output of the 
Integrator near zero. Thus, the charge from the continuous 
liN is balanced against the pulses of Iref- The total number 
of Iref pulses needed during the conversion period to main¬ 
tain the charge balance is counted, and the result (in binary) 
is latched into the outputs at the end of the conversion. 

The converter contains two counters and a clock, in 
addition to an operational amplifier, comparator, latching 
output buffers, and housekeeping logic. One counter is a 
clock counter which starts counting clock pulses after a 
reset pulse; when the required count is reached, the clock 
counter generates a pulse to start the end-of-conversion 
routine. The other counter is a data counter, which is reset 
synchronously with the clock counter and counts the num¬ 
ber of times Iref is switched into the summing input of the 
amplifier during the period defined by the clock counter. 

When the Initiate conversion input is strobed with a 
positive signal, the busy line latches high and a 10 |is 
(times given are approximate) start-up cycle begins. The 
integrating capacitor is discharged and both counters are 
reset during this start-up period. Conversion begins at the 
end of the reset pulse and ends with a pulse generated 
either by the clock counter or by an overflow condition in 
the data counter. This pulse disables further inputs into 
both counters and triggers a 10 ps shutdown cycle. During 
the shutdown cycle, data valid goes low for 5 ps. This 


binary sequence is shown in the timing diagrams. Busy is 
true high and, when the circuit is busy. Initiate conversion 
has no effect and may be high or low. Data valid is also true 
high. The data from a conversion remains valid for as long 
as power is applied to the circuit or until data valid falls at 
the end of a subsequent conversion, at which time the 
output data is updated to reflect the latest conversion. 

PIN FUNCTIONS 
Initiate Conversion Input 

Accepts CMOS and most +5V logic inputs. Applying a 
logic "1" to the initiate conversion pin initiates the A/D 
conversion cycle. Once conversion has been Initiated, the 
cycle cannot be interrupted, and the initiate conversion pin 
Is disabled until conversion is complete. Two modes of 
operation are permitted: clocked orfree-running. For clocked 
operation, the initiate conversion input is held at logic "0" for 
standby and taken to logic "1" when a conversion is desired. 
For free-running operation, the initiate conversion pin Is 
connected to Vdd or similar permanent logic "1 " voltage. 

Busy Output 

A digital status output which is compatible with CMOS 
logic and low-power TTL (can sink and source 500 }iA). A 
logic "1" output on the busy pin indicates a conversion 
cycle Is In process. A logic "1" to logic "0" transition Indi¬ 
cates conversion is complete and the result has been 
latched at the digit out pins. A logic "0" to logic "1" transition 
indicates a new conversion cycle has been initiated. If the 
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device is operating in the free-running mode, the busy 
output will remain low for approximately 2.5 ps, marking 
the completion and initiation of consecutive conversion 
cycles. 

Data Valid Output 

A digital status which is compatible with CMOS logic and 
low-power TTL (can sink and source 50 pA). A logic "1" 
output at the data valid pin Indicates the digits out pins are 
latched with the result of the last conversion cycle. The data 
valid output goes to logic "0" approximately 5 ps before the 
completion of a conversion cycle. During this 5 ps interval 
new data is being transferred to the digits out pins, and the 
digits out are not valid. 

Digits Out 

The binary digit outputs (Bit 0 ... Bit 11) which are the 
result of the A/D conversion. These outputs are CMOS logic 
and low-power TTL compatible. 

APPLICATIONS INFORMATION 
Input/Output Relationships 

The analog input voltage (V|n) is related to the output by 
the transfer equation; 

Digital counts = - . 

Rin*Vref 

A = 2064 for TC8704; 8208 for TC8702yTC8705 
where digital counts is the value of the binary output word 


presented at digits out pins in response to Vin. 

The digital output code format is as follows: 

Analog Input 

Digital Outputs 
MSB LSB 

V|N < Full Scale 

1 ... Ill ... 1 

= Full Scale -1 LSB 

1 ... Ill ... 1 

= 1 LSB 

0 ... 000 ... 1 

<0 

0 ... 000 ... 0 


Two's complement coding can be generated by inverting the Most 
Significant Bit (MSB) signal. 


External Component Selection 

Obtaining a high-accuracy conversion system depends 
on the voltage regulation of Vref and thermal stability of Rin 
and Rref- The exact dependence is given by the transfer 
function. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Vdd and Vss- Supply connec¬ 
tions Vdd and Vss should have bypass capacitors of 0.1 pF 
value, or larger, at the device pins. 


Rin, Rref 

Values of these components are chosen to give a full- 
scale input current of approximately 10 pA and a reference 
current of approximately -20 pA: 

Vin_FuII Scale Vref 

lOpA -20 pA 

Examples: 

Rin= Rref = ^ = 320 kQ 

10 pA -20 pA 

Note that these values are approximations, and the 
exact relationships are defined by the transfer equation. In 
practice, the value of Rin typically would be trimmed using 
the optional gain adjust circuit to obtain full-scale output at 
ViN full scale (see adjustment procedure). Metal film resis¬ 
tors with 1 % tolerance or better are recommended for high- 
accuracy applications because of their thermal stability and 
low-noise generation. 

Rbias 

Specifications for the TC87XX are based on Rrias = 
100 kh ±10%, unless otherwise noted. However, there are 
instances when the designer may want to change this 
resistor in order to affect the conversion time and the supply 
current. By decreasing Rbias, the A/D will convert much 
faster and the supply current will be higher. For example, 
when Rbias is 20kD», the conversion time Is reduced by 1/3, 
and the supply current will Increase from 2 mA to 7 mA. 
Likewise, if Rbias is increased, the conversion time will be 
longer and the supply current will be much lower. For 
example, when Rbias = 1 M^2, the conversion time will be six 
times longer, and supply current Is now reduced to 0.5 mA. 
For details of this relationship, refer to AN-9 typical perfor¬ 
mance curves. 

Rdamp 

The exact value is not critical, but should have a nominal 
value of lOOn ±10%. Locate close to pin 14. 

Cdamp 

The exact value is not critical, but should have a nominal 
value of 270 pF ±20%. Locate close to pin 14. 

C|NT 

The exact value is not critical, but should have a nomi¬ 
nal value of 68 pF ±10%. Low leakage types are recom¬ 
mended, although mica or ceramic devices can be used In 
applications where their temperature limits are not ex¬ 
ceeded. Locate as close as possible to pins 14 and 15. 
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Vref 

A negative reference voltage must be supplied. This 
may be obtained from a constant current source circuit or 
from the negative supply, 

Vdd, Vss 

Power supplies of ±5V are recommended, with 0.05% 
line and load regulation, and 0.1 pF decoupling capacitors. 

Adjustment Procedure 

The test circuit diagram shows optional circuits for 
trimming the zero location and full-scale gain. Because the 
digital outputs remain constant outside of the normal 
operating range (i.e., below zero and above full scale), it is 


recommended transition points be used in setting the zero 
and full-scale values. The recommended procedure is: 

(1) Set initiate conversion control high to provide free- 
run operation and verify converter is operating. 

(2) Set V|N to -f 1/2 LSB and trim the zero-adjust circuit 
to obtain a 000 ... 000 ... to 000 ... 001 transition. 
This will correctly locate the zero end. 

(3) For full-scale adjustment, set Vin to the full-scale 
value less 1-1/2 LSB and trim the gain-adjust circuit 
for a 111 ... 110 to 111 ... 111 transition. 

If adjustments are performed in this order, there should 
be no interaction and they should not have to be repeated. 


TYPICAL APPLICATION/DESIGN CIRCUITS 


TC8705 Interface to MC6821 PIA 



.ANALOG 
^ INPUT 
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TYPICAL APPLICATION/DESIGN CIRCUITS (Cont.) 

Bipolar Operation (+ and - Inputs) 


ABSOLUTE VALUE CIRCUIT WITH SIGN 



‘Optional visual indication of negative input. 

NOTE: Values for R should be between 10 kO and 100 kO. 


Reference Voltage Supply 

+5V ±5% 



NOTE: Vref = 2V using voltages derived from 8080A ^iP. 
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TYPICAL PERFORMANCE CURVES 


Conversion Time vs Rbias Supply Current vs Rbias 



10k 100k 1M 10k 100k 1M 


^BIAS ^BIAS 


Conversion Time vs Temperature 



TEMPERATURE (X) 


Supply Current vs Supply Voltage 



Vdd = Vss(V) 
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TYPICAL PERFORMANCE CURVES (Cont.) 


Output Source Current 
vs Temperature 



Output Sink Current 



0.1 1.0 10.0 
lOL(mA) 


Linearity vs Reference 
Current Input 



Output Source Current 



0.1 1.0 10.0 
Iqh (nf'A) 


Output Sink Current 



°0.1 1.0 10.0 
lOL(mA) 


Three-State Propagation Delay 
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COMPONENTS 


4731 

4733 


HIGH-RELIABILITY HYBRID 
VOLTAGE-TO-FREQUENCY CONVERTERS 



FEATURES 


■ Power Supply Range.±9V to ±18V 

■ Ultra-Linear 

■ Overrange.100% 

■ Dynamic Range.126 dB 

■ Common-Mode Rejection Ratio.60 dB 

■ Low Full-Scale Drift 

■ Low Zero-Offset Voltage Drift 


■ TTL, CMOS, HNIL Compatible Output 

APPLICATIONS 

■ No Drift Integrate/Hold 

■ High Common-Mode Voltage Isolation 

■ 2-Wire Digital Transmission 

■ 20-Bit Analog-to-Digital Converters 

■ Optical Data Link 


GENERAL DESCRIPTION 

The 4731 and 4733 low-drift voltage-to-frequency (V-to- 
F) converters produce output pulse trains whose repetition 
rate is a precision linear function of the input voltage. These 
low-drift, ultra-linear devices can handle positive, negative 
and differential input signals, and can operate with a wide 
range of power supply voltages. 

With 126 dB of dynamic range, 70dB CMRR, and 100% 
overrange, these devices provide linear operation with input 
voltages from ±1 OpV to -i-20V. Their current input pin (actually 
the summing point of an op amp) can resolve currents as low 
as 1000 pA, making it possible to operate with full-scale input 
voltages from less than 250 mV to greater than 10OV. 

Their 0.002% nonlinearity is the equivalent of 16-bit end¬ 
point linearity. Differential nonlinearity and dynamic range 
approach 20 bits. 

The 4731 and 4733 are packaged in 24-pin hermetic 
metal packages. Standard devices are specified for 0°C to 
-i-70°C operation. The High Reliability (HR) versions are 
specified for -55°C to +125°C operation. 


SIMPLIFIED BLOCK DIAGRAM 


^os 


+V,N 


+V|f4 TRIM 


'in 


-V,N 



1061-1 


3-1 
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4733 


PIN CONFIGURATION 


Pin 

No. 

Designation 

Pin 

No. 

Designation 



1 

NC 

24 

TTL 

2 

NC 

23 

foUT 

•ooooooooooo 

1 12 

4731/4733 

24 13 

OOOOOOOOOOOO 

k. j 


3 

NC 

22 

COMMON 

4 

NC 

21 

NC 

5 

-Vcc 

20 

+Vcc 

6 

NC 

19 

NC 

7 

NC 

18 

NC 

8 

Eos 

17 

NC 

9 

+V|N TRIM 

16 

NC 

10 

l|N 

15 

NC 



11 

-V|N 

14 

NC 



12 

+V,N 

13 

NC 



NC = 

No internal connection 






ABSOLUTE MAXIMUM RATINGS 

Vcc Power Supplies.±18V 

+ViN Positive Input Voltage (Note 1) ..±21V 

-V|N Negative Input Voltage.±Vcc 

ViD Differential Input Voltage (Note 1).Vcc 

liN Current Input.210 pA 

Tc Specified Temperature Range (Case) 

4731/4733.0°C to +70X 

4731-HR/4733-HR.-55°C to +125°C 

Tstg Storage Temperature Range.-65°C to +150°C 


ELECTRICAL CHARACTERISTICS: Tc = +25®C, ±Vcc = ±15V, unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 







+V|N 

Positive Input Voltage 



10 

20 

V 

-V|N 

Negative Input Voltage 


-8 

-10 

— 

V 

VcM 

Common-Mode Input Voltage 


-7 

— 

+7 

V 

CMRR 

Common-Mode Rejection Ratio 

VcM = ±6V, Vqiff = 0-5V 

60 

— 

— 

dB 

V|D 

Differential Input Voltage 

Referenced to -Vin (Note 1) 

— 

10 

— 

V 

l|N 

Current Input Range 


.001 

— 

120 

pA 

Input Dynamic Range 

100 

— 

_ 

dB 

Vos 

Input Offset Voltage 

Adjustable to Zero 

— 

±1 

±5 

mV 

Vos/TC 

Input Offset Voltage vs 

-25‘»Cto+85®C 

_ 

±6 

±20 

pV/°C 


Temperature 

+25^0 to +125®C } Typical for standard 

— 

±20 

±100 

pV/^C 



+25‘’C to-55°C } tested for HR 

— 

±20 

±50 

pV/X 

R+in 

+V|N Input Impedance 


75 

100 

125 

kQ 

R_IN 

-V|N Input Impedance 


10 

100 

— 

MQ 

R| IN 

Current Input Impedance 

Virtual Ground 

— 

<0.1 

— 

Q 
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ELECTRICAL CHARACTERISTICS (Cont) 


Symbol 

Parameter 

Test Conditions 

Min Typ Max 

Unit 

Output 





VoH 

Output High Voltage 

loH = 4 mA 

2.4 -- 5.0 

V 

VoL 

Output Low Voltage 

loL = -16 mA 

— — 0.4 

V 

Ro 

Output Impedance 


2.8 3.5 4.2 

kn 

Transfer 





toUT 

Output Frequency 

AV|n Equals V|n - (-Vin) 

[AV|n X fA] -i- 10 V 

kHz 




[liN xfA] - 5 - Ifs 

kHz 

fA 

Scaling Frequency 4731 

Adjustable to Typical 

9.95 10 10.05 

kHz 


4733 

Adjustable to Typical 

99.5 100 100.5 

kHz 

fA/TC 

fA vs Temperature 4731 

-55‘’C to+125‘'C 

— ±8 ±50 

ppm/°C 



-25®C to +85°C 

— ±7 ±25 

ppm/°C 


4733 

-55«C to-»-125°C 

— ±12 ±50 

ppm/°C 



-25°C to +85°C 

— ±10 ±30 

ppm/°C 


fA vs Time Per Day 


— ±10 — 

ppm/D 


Per Month 


— ±30 ~ 

ppm/M 

Ifs 

Full-Scale Current 


75 100 125 

pA 

Ifs/TC 

Ips vs Temperature 4731 

+25°C to +85°C 

— ±4 — 

ppm/°C 



+25°C to-25°C 

— ±7 — 

ppm/°C 


4733 

+25°C to -h85°C 

— ±6 — 

ppm/°C 



-f 25'’C to-25°C 

— ±10 — 

ppnn/°C 


Ips vs Time Per Day 


— ±10 — 

ppm/D 


Per Month 


— ±30 — 

ppm/M 

+V|NLE 

+V|N Linearity Error (Note 2) 

ViN= lOOpVto 12V 

— ±0.002 ±0.005 

%FS 



-55°C to +125°C } Tested for 

— ±0.005 ±0.03 

%FS 



-25®Cto-Fl25°C } HR only 

— ±0.005 ±0.01 

%FS 

-VinLE 

-VjN Linearity Error (Note 2 ) 

V|N = -100 pV to (-Vcc +7V) 

— ± 0.01 ± 0.02 

%FS 

IlNLE 

liN Linearity Error (Note 2) 

liN = 1 nAto 120 jiA 

— ±0.002 ±0.005 

%FS 

tpw 

Output Pulse Width 4731 


0 

CO 

1 

0 

ps 


4733 


1 — 3 

ps 


Warm-Up Time 

0 . 01 % Accuracy 

— 1 — 

s 



0 . 002 % Accuracy 

— 100 — 

_ 

Dynamic 





ts 

Settling Time 


1 to 2 Pulses® New Freq-i-(5 ps) 


Overload Recovery 

AV|n= 100 V to 10 V or 

— 0.14 1 

ms 



AI|n = 1 mA to 0.1 mA 



Power Suppli 

es 




Vcc 

Voltage Range 


±9 ±15 ±18 

V 


Voltage Asymmetry 

IVccI - I-Vcci 

— — ±2 

V 

Icc 

Quiescent Current 


— ±17 ±25 

mA 

PSRRi 

fA vs Power Supplies 


— ±10 ±20 

ppm/% 

PSRR 2 

Ips vs Power Supplies 


— ±10 ±20 

ppm/% 

PSRR 3 

Vos vs Power Supplies 

Constant Voltage at Pin 8 

— ±3 ±20 

pV/% 


NOTES: 1. +V|N has a 100 kO internal resistor and a 210 maximum input current limit. The voltage input, 
if current-limited by a series input resistor, is virtually unlimited. 

2. Linearity specifications apply only after offset and gain have been trimmed to nominal. 

3. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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THEORY OF OPERATION 

To take maximum advantage of the 4731/4733's versa¬ 
tility, a functional block diagram and theory of operation are 
provided herein. With this information, input and output 
circuitry is easily modified to handle virtually any input signal 
or output load. 

The 4731 and 4733 are free-running (astable), voltage- 
controlled multivibrators (see Block Diagram). The effective 
currents from the four inputs (+ViN,+ViNTRIM,+liNand Eos) 
are summed at the inverting input of op-amp A1. A1 and 
transistor Q1 form a precision current pump, producing 
current (I). Current charges capacitor C at a rate which is a 
precise linear function of the device's input signal. 

When the voltage impressed on C (due to I) reaches a 
fixed precision threshold, the Schmitt trigger output changes 
state and triggers the one-shot (monostable) multivibrator, 
which in turn produces a single constant-width output pulse. 
This pulse performs two functions. Amplified by Q2, It is the 
output of the V-to-F converter and also activates the preci¬ 
sion charge dispenser (PCD). The PCD discharges C to the 
same "zero" level every time an output pulse is produced. 
Thus, capacitor C is repeatedly charged and discharged 
between two precise voltages at a rate which is a linear 
function of the device's voltage and/or current input signal. 
This action produces the waveforms shown in the timing 
diagram of Figure 11. 

TRIM THEORY 

The V-to-F input circuit zero and full-scale trim are 
performed at the input circuit amp A1 (see block diagram). 
The user may treat the V-to-F input as an operational 
amplifier, within certain limits. 

No signal combination should be applied to the V-to-F 
inputs which will drive the A1 output positive. A frequency 
output will not result If total current into the V-to-F positive 
inputs (A1, summing point) becomes negative with respect 
to the V-to-F negative input. If this occurs, D1 becomes 
forward-biased, Q1 will cut off, and current (I) and four will 
be zero. 

The inherent input current full-scale factor Is 100 |iA 
±25% for a full-scale output. All current adjustment trimming 
must take this ±25% tolerance into account. Resistor R1 
(see block diagram) Is factory laser trimmed so that a full- 
scale input to +V|N TRIM (pin 9) produces an output 101% 
±0.5% of nominal full scale; i.e., a +10V input to +Vin TRIM 
of the 4731 produces a 10.1 kHz ±0.05 kHz output. Resistor 
R2 is factory trimmed so that +Vin is within ±0.5% of nominal 
full scale; i.e., a +10V input to +Vin of the 4731 produces a 
10 kHz ±0.05 kHz output. Both +V|n and +Vin TRIM inputs 
are trimmed with and specified for Vcc = ±15V at 25°C. 


Basic Connections 

The 4731 and 4733 are factory trimmed and operate as 
specified without additional components. Figures 1 and 2 
illustrate the basic connections for positive or negative input 
signals and also show the optional offset adjustment con¬ 
nection. Pin 9 (-i-ViN TRIM) and pin 12 (+Vin) are inputs for 
positive voltage signals. +V|n is used when accuracy to 
±0.1 % full scale is acceptable or when external components 
cannot be accommodated. -i-Vin TRIM is used when greater 
full-scale accuracy is required because it allows the use of 
an external trim adjustment potentiometer. Pin 10 (Iin) is a 
direct input to the input amplifier summing junction, and is 
used to input positive-current signals. Its full-scale accuracy 
Is limited to ±25% of the inherent input current full-scale 
factor mentioned earlier. Pin 11 (-Vin) can be used to input 
negative voltage signals, as shown in Figure 2. 

Zero and Full-Scale Trim 

When greater accuracy is required, input offset voltage 
(Eos) is trimmed to zero. For positive Inputs only, full-scale 
output frequency (four) is trimmed to 10 kHz or 100 kHz, 
depending on the device being used, with external potenti¬ 
ometers (illustrated In Figures 1 and 2). Note that full-scale 
trim components should have temperature coefficients simi¬ 
lar to the full-scale TC of the device being used. 
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Figure 2. Negative Voltage Input 

TRIM PROCEDURES 

1. Apply 10 mV between +V|n and ground. Adjust the 50 kf2 
potentiometerto set fouT equal to 10 Hz (4731) or 100 Hz 
(4733). 

2. Apply +1OV between +Vin and ground. Adjust R1 to set 
fouT equal to 10 kHz (4731) or 100 kHz (4733). 

3. Repeat (1) and (2) until zero and full scale are set 
precisely. Note: Zero Is set at 10 Hz to 100 Hz out for 
10 mV in, because It is impractical to measure 0 Hz out 
for OV in. 

Full-scale accuracy for -i-Iin is ±25%. Greater accuracy 
is obtained by using the full-scale and zero trim circuit shown 
in Figure 3. Resistor dividers RA and RB are only used when 
the actual input current is greater than that necessary to 
produce a nominal full-scale output frequency. 

FULL-SCALE FACTOR CHANGE 

The specified input voltage full-scale factor for the 4731 
and 4733 is 9.9V ±0.5% with respect to -V|n (or +100 pA 
±25% I|n) to produce a full-scale output frequency. Many 
applications require a full-scale output for other (larger or 
smaller) full-scale input signals or input polarities. Figures 4, 
5 and 6 illustrate how to operate with such input signals. 


4731 



Figure 3. Zero and Full-Scale Trim for Positive Input Currents 


-8V> V|N>+10V 

This series of V-to-F converters can be operated with 
input voltages greater than +10V by connecting a fixed 
resistor and trim potentiometer in series with the +Vin or 
+V|N TRIM inputs (see Figure 4). The same effect can be 
realized by using a properly selected series resistor and 
inputting the signal to the current input (+I)n)- For inputs more 
negative than -8V, the attenuator network of Figure 5 
performs well. For either positive or negative inputs the 
zero trim and other adjustments remain the same as in 
Figures 1 and 2. 

-10V < Full-Scale V|n < +10V 

If full-scale Input voltage Is between +10 pV and +1V, 
the full-scale output is set to nominal full scale by using the 
current-input terminal with a series resistor, as shown In 
Figure 6. 

If full-scale Input signal is between -1 OV and -10 pV, a 
low-drift amplifier (such as the 1435) should be used to 
amplify the signal full scale to -1 OV, or even +1 OV, and then 
apply the signal as usual (i.e., Figures 1 and 2). This 
preamplification technique can also be used with positive 
input signals. 
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R1 . 4R2 

R1 + R2 = [(Vx+10) X 100 kfl) - 100 k£l 


Figure 4. Full Scale +Vin Greater Than +10V 



Attenuator R1, R2, R3 reduces large negative input voltages to 
range of -VIN, 


Figure 5. Full-Scale Input More Negative Than -8V 



R1 = R2 

R1 + R2 = (VpuLL-SCALE 'fULL-SCALE) ^ 


Figure 6. Full-Scale Output for Less Than Full-Scale Input 

Reduced Full-Scale fouT 

In some applications, a reduced full-scale output fre¬ 
quency is required when the input signal is ±1OV or greater. 
The circuits of Figures 4 and 5 show attenuation of an 
overrange input signal can also be used to attenuate a 
nominal ±1 OV input signal below±1 OV, thereby reducing the 
full-scale four below nominal 10 kHz to 100 kHz. 

To make maximum use of the device's dynamic range, 
the input signal should be conditioned to ±1 OV full scale and 
a binary (or BCD) frequency divider (counter) should be 
connected to the output. Any TTL, CMOS, or HNIL device 
may be used, from a simple -s-l 0 unit (such as the TTL 54/74 
90A), to a programmable divider (such as the CMOS 
CD4059), which can divide by any number from 3 to 15,999. 

If the V-to-F output is set at its nominal full scale, the 
output of the counter (shown in Figure 7) will be 1 kHz (4731) 
or 10 kHz (4733). Likewise, the minimum output frequency 
will be 1 MHz or 10 MHz, respectively. 

Full-Scale Input Currents Greater 
Than+100 |iA 

If the full-scale input current is greater than nominal, the 
"current splitter" circuit of Figure 8 can be used. As noted in 
Figure 3, the voltage developed at the wiper of potentiom¬ 
eter RA must be less than the compliance voltage of the 
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Figure 8. Definition of Differential and Common-Mode Input 
Voltages 


current source. A negative-input current can be conditioned 
by passing it through a resistor connected between -Vin and 
signal common, thereby producing a negative voltage. The 
compliance voltage of the current source must be greater 
than the maximum voltage developed across the resistor. 

The best way to condition current signals is with the 
classic op-amp current-to-voltage converter circuit. With 
this circuit and the "right" amplifier, virtually any current 
(even femtoamps) will provide a positive or negative 10V 
full-scale input to the V-to-F without compliance voltage 
problems. 

Differential Inputs 

The +V|N and -Vin terminals represent true differential 
inputs capable of accepting signals from a balanced line, a 
thermistor bridge or a signal source sitting at a common¬ 
mode voltage. The device's differential input eliminates the 
need for a differential preamplifier. 

To use the voltage inputs differentially, some simple 
conventions (definitions) must be observed. Illustrated In 
Figure 8, they are: 

1. Common-mode voltage (CMV) is defined as the 
voltage between ±Vcc common and -V|n. 

2. +V|N must always be positive with respect to -Vin. 

3. CMV range is typically between +Vcc-4V and-Vcc 
+5V. 

4. The differential (floating, balanced) signal source 
must be returned to ±Vcc common and must not 
create voltages exceeding the limits set in (1), (2) or 
(3). 

5. fouT = (+Vin) - (-V,n) X fA/1 OV fA 

= 10 kHz (4731) 

= 100 kHz (4733) 

Operation With Bipolar Input Signals 

The V-to-F converter cannot operate with bipolar (i.e., 
-5V to +5V) input signals when connected as shown in 
Figures 1 and 2. To handle bipolar Inputs it is necessary to 
offset the zero (i.e., produce a pulse train out for "zero" 
volts in). 

For example. If -fVin is connected to OV and -Vin is 
connected to a fixed -5V, the device's output will be "offset" 
to either 5 kHz (4731) or 50 kHz (4733) for a OV input. If -fVin 
is -5V, four will be 0 Hz; if +Vin is OV, four is 5 kHz or 50 kHz; 
if +V|N is +5V, four is 10 kHz or 100 kHz. 

The offset may be performed at -i-V|n (pin 12) and the 
signal applied to either -Vin (pin 11) or Iin (pin 1 0); or Iin may 
be used to Inject the fixed offset. Offsetting may be com¬ 
bined with all of the adjustment techniques, shown in Figures 
1 through 10, to provide signal conditioning for almost any 
practical input signal. 
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Eliminating Common-Mode Signals 

An input signal is often a small voltage change im¬ 
pressed on a larger fixed voltage. This situation is handled 
by nulling (offsetting) the DC or unchanging component of 
the Input signal at one input and adjusting the full-scale gain 
factor at another, so the variable portion of the input signal 
causes fouT to cover the full excursion from 0 Hz to full scale; 
i.e,, an input signal that is a voltage varying between +4V 
and +6V. To implement offsetting, connect +V|n to-4V. Since 
the actual signal is 2V (6V-4V), connect it to +I|n in series 
with resistor and trim potentiometer chosen to generate 100 
|iA of input current from the 2V signal (see Figure 5). 

When Input varies between +5V and +15V (signal = 
10V), implement offsetting by connecting -Vin to +5V and 
apply the signal to +V|n. Trim the V-to-F per Figure 1. If the 
input varies between +30V and +50V (signal = 20V), Imple¬ 
ment offsetting by connecting -30V to +Iin through a 150 kQ 
resistor and series potentiometer. Connect the 20V signal to 
+V|N or +V|N TRIM. 

Operation With Fast Signals 

A V-to-F application may require operation with rapidly 
changing input signals. For example, the output of a load cell 
may change from 0 to full scale (or full scale to 0) in 1 ms. To 
accurately handle this signal, the output of the V-to-F con¬ 
verter must be able to change faster than the input. 

The basic response (or settling time) of the V-to-F 
converter for voltage inputs is one period of the new fre¬ 
quency +5 ps. Response time is either 1s (4731) or 0.1s 
(4733) +5 [IS. 

Using the 4731 as an example; When the input changes 
from OV to 10V, the new frequency is 10 kHz, one period is 
100 ps, and response time is 105 ps. However, if the signal 
changes from full scale to OV, the new period is much longer 
than the required 1 ms (theoretically it Is infinite). 

If the V-to-F output is to change in 1 ms, the output 
frequency for OV In must be offset to a new frequency, the 
period of which is less than the 1 ms required for the 
application described. The full-scale value of the input signal 
is adjusted so the V-to-F converter will operate between the 
chosen offset or zero frequency and the maximum full-scale 
frequency. 

In Figure 9 a 4731 is offset so that a OV to +1V signal 
produces an output which varies between 9 kHz and 10 kHz 
with a response time of 116 ps (maximum) in either direction. 
Offsetting the V-to-F output range in this manner has the 
effect of reducing the settling/response time to the required 
level. 



Figure 9. Frequency Offsetting to Decrease Settling Time 


TTL Output Characteristics 

The TTL-level pulse train from the V-to-F converter is 
designed to drive at least one TTL load over the power supply 
range +9V to +18V. At +15V, it can drive 10 TTL loads. The 
output circuit (see block diagram) Is a single transistor (Q2) 
connected as a saturated switch with pull-up resistor (R5). 
When Q2 is on, the output is at "zero" volts. When Q2 is off, 
the output voltage Is (+Vcc -*-3), assuming pins 23 and 24 are 
connected together. (If pin 23 is not connected to pin 24, an 
external divider must be provided which will determine the 
high output voltage.) 

CMOS or HNIL Logic 

The 4731 and 4733 output circuits are easily adapted to 
drive CMOS or HNIL. It is only necessary to parallel R5 (see 
block diagram) with a 1 kQ resistor. This additional pull-up 
resistor also decreases pulse rise time, enabling these de¬ 
vices to drive larger capacitive loads. If pin 23 Is not connected 
to pin 24, an external divider must be provided. 

Output Protection 

The V-to-F output (collector of Q2) may be shorted to 
ground Indefinitely without damage; however, since Q2 is ON 
most of the time, a short to +Vcc will cause certain cata¬ 
strophic failure in about 5s. A short to TTL (pin 24) and -Vcc 
(pin 5) simultaneously will cause instant catastrophic failure. 
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Square-Wave Output 

The outputs of the 4731 and 4733 are a train of pulses 
20 (IS or2 ps wide, respectively (see Figure 11). A symmetri¬ 
cal (square wave) output for driving highiy capacitive or 



Figure 10. Square-Wave Output Using D-Type Flip-Flop 


3 


noisy transmission lines can be obtained with a D-type or JK 
flip-flop, as shown in Figure 10. The square-wave output has 
a frequency equal to 1/2 the V-to-F output frequency. 



LIUULUMMIinr 

t2 ^3 *4 *5 '3 


1 TYPICAL TIMING (^s) | 


*1 

«2 

*3 

*4 

% 

4731 

0 to 500 

500 

20 

«200 

100 

4733 

0to50 

50 

2 

»30 

10 


Figure 11. Typical Timing Relationships 
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FEATURES 


■ Wide Power Supply Range.±12V to ±18V 

■ Nonlinearity.±0.008% FS Max 


■ Accepts Any Input Waveshape 

■ High Noise Immunity 

■ Low Full-Scale Drift 

■ Low Offset-Voltage Drift 

APPLICATIONS 

■ Measure Flow, RPM, Frequency 

■ Demodulate FM 

■ Use With V-to-F Converter 

■ Low-Cost FM Telemetry 

■ DC Response Magnetic Tape Recording 

■ Multi-Decade Range Phase Lock Loops 

■ Fiber-Optic Data Link 


GENERAL DESCRIPTION 

The 4736 is an ultra-linear, low-drift frequency-to-voltage 
(F-to-V) converter which produces an output voltage linearly 
proportional to input frequency, regardless of input wave¬ 
shape. Designed to satisfy a multitude of precision system 
requirements, the 4736 represents an invaluable tool for the 
advancement of data acquisition and signal processing tech¬ 
nology. 

The superior specifications of the 4736 allow It to be used 
in the most critical frequency conversion applications. Com¬ 
mon tasks include monitoring/controlling the pulsed output of 
a motor or flowmeter. 

The standard 4736 Is packaged in a 24-pin dual-in-line 
metal package and is specified for 0°C to -h 70°C operation. 
For high-reliability applications, the 4736-HR is specified 
for -55°C to -i-125°C operation. 


SIMPLIFIED BLOCK DIAGRAM 



1056-1 
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PIN CONFIGURATION 



Pin 

No. 

Designation 

Pin 

No. 

Designation 

1 

NC 

24 

f|N 

2 

NC 

23 

REF INPUT 

3 

NC 

22 

COMMON 

4 

NC 

21 

NC 

5 

-Vcc 

20 

+Vcc 

6 

NC 

19 

NC 

7 

NC 

18 

NC 

8 

ZERO ADJUST 

17 

NC 

9 

SUMMING POINT 

16 

NC 

10 

OUTPUT 

15 

NC 

11 

FULL-SCALE INPUT 

14 

NC 

12 

FULL-SCALE ADJ. 

13 

NC 

NC = 

No internal connection 




ABSOLUTE MAXIMUM RATINGS 


Vcc Power Supplies.±22V 

V|N Input Voltage.±Vccto±15V 

V|D Differential Input Voltage.±12V 

Vref Reference Voltage.±12V 

Tc Specified Temperature Range (Case) 

4736.0°Cto+70°C 

4736-HR.-55°C to +125°C 

Tstg Storage Temperature Range.-65°C to +150°C 

Ts Lead Temperature 

(Soldering, 0.06" from pkg., < 10 sec) ....260°C 

Unit Weight.11.2g Typ 
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ELECTRICAL CHARACTERISTICS: Tc = +25°C, ±Vcc = ±15V, unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 







f|N 

Frequency Input Range 


0 

1 

1.3 

MHz 

Input Waveform 

— 

Any 

— 

— 

tpw 

Input Pulse Width 

> 

CM 

II 

X 

> 

75 

— 

— 

ns 

VlH 

Input High Voltage 


2 

— 

12 

V 

V|L 

Input Low Voltage 


-12 

— 

0.8 

V 

V|NT+ 

Threshold, Positive-Going Pulses 

Typically 1.4V ±200 mV 

0.8 

1.4 

2.2 

V 

Threshold, External Set Range 

— 

— 

±12 

V 

Hysteresis 

300 

400 

500 

mV 

Hysteresis, External Set Range 

0 

400 

— 

mV 

Rin 

Input Impedance 


— 

100114 

— 

GOIIpF 

Output 







Vo 

Full-Scale Output Voltage 

Pin 10 Shorted to Pin 11 

9.99 

10 

10.01 

V 

VoADJ 

Vo Adjustable Full-Scale Voltage 

Pin 10 Shorted to Pin 12 

9.97 

9.9 

10.03 

V 

Vo/TC 

Vo Full Scale vs Temperature 

0®C to -i-70°C (Standard) 

— 

±40 

±50 

ppm/^'C 



-55°Cto+125‘’C(HR) 

— 

±70 

±100 

ppm/°C 

Vos 

Output Offset Voltage 

f|[sj = 0 Hz 

— 

±1 

±5 

mV 

Vos/TC 

Vos Voltage vs Temperature 

0°C to +70°C (Standard) 

— 

±20 

±50 

^V/°C 



-55‘’C to-i-125°C (HR) 

— 

±30 

±80 

pV/"C 

Vole 

Vo Linearity Error 

1.1 kHz to 1 MHz 

— 

±0.003 

±0.008 

%FS 

Vole/TC 

Vole Over Temperature 

1.1 kHz to 1 MHz, 

— 

±0.005 

±0.015 

%FS 



0°Cto -i-70‘’C (Standard) 







1.1 kHz to 1 MHz, 

— 

±0.008 

±0.05 

%FS 



-55°C to+125‘^C (HR) 






Vo Ripple Voltage 

fiN=100Hz ’ 

— 

80 

200 

mVp.p 



fiN=100 kHz 

— 

450 

700 

mVp.p 



fiN = 1 MHz 

— 

80 

150 

mVp.p 


Vo vs Time 

Per Day 

— 

±20 

— 

[iV/D 



Per Week 


±60 

— 

[iVAN 

PSRRi 

Vo Zero vs Power Supplies } 

±Vps from ±13V to ±17V referred 

— 

±10 

±20 

p.V%AVps 

PSRR 2 

Vo Full Scale vs Power Supplies } 

to Vps = ±15V 

— 

±40 

±80 

ppm/%AVps 

b 

Output Current 

Not Short-Circuit Protected 

-2/+20 

■— 

— 

mA 

Ro 

Output Impedance 


_ 


0.05 

0 

Transfer 








Ideal Transfer Function 

fA=1 MHz 

[fiN' 

-fAjxIOV 1 

V 

Dynamic 







RC 

Response Time, Internal Filter 


— 

9 

— 

^s 

tSR 

Step Response Time to 0.5 %FS 

0 Hz to 1 MHz Step, Rl = 500Q 

— 

60 

_ 

FS 



1 MHz to 200 kHz Step, Rl = 5000 

— 

70 

— 

FS 



1 MHz to 0 Hz Step, Rl = 5000 

— 

95 

— 

ps 

Power Supplies 






Vcc 

Voltage Range 


±13 

±15 

±17 

V 

be 

Quiescent Current 


— 

±28 

±35 

mA 

PD 

Power Dissipation 


— 

1050 

— 

mW 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested at +25°C. HR versions have b, Vqle'^C, Vq, Vqs and 
Vos/TC tested at -55°C, +25°C and +125°C. Standard parts are tested at room temperature only. Other min/max parameters are 
guaranteed by design. 
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THEORY OF OPERATION 

The 4736 F-to-V converter is an example of a sophisth 
cated concept implemented in a low-cost, highly reliable 
device (see block diagram). The input is a comparator (A1) 
whose output switches between +1V and -14V each time 
the voltage between fiN (pin 24) and REF IN (pin 23) re¬ 
verses polarity. Two consecutive reversals are interpreted 
as one cycle (or pulse) of input frequency. 

Each reversal causes a solid-state switch (S1) to alter¬ 
nately connect capacitor Cl to a precision reference voltage 
and then, through a frequency-variable filter, to the summing 
point of op-amp A2. Each time Cl is connected to the 
reference voltage, a fixed amount of charge (Q) is dumped 
Into Cl according to the equation Q = CV. 

When Cl is connected to the summing point of A2, it 
discharges and the resulting current is converted to a 
voltage. The higher the input frequency, the greater the 
average current Into the summing point. A2 is a current-to- 
voltage converter, where: 


Vout = -(IxRf) 

Therefore, Vqut is a function of the discharge current 
from Cl, the frequency of discharge, and the feedback 
resistor. C2 filters the current pulses from Cl to minimize 
output voltage ripple. 

When used as shown In Figure 1, the 4736 operates as 
specified with no additional components. 

Input Threshold 

The fiN (A1) input comparator's threshold is preset at 
+1.4V to provide maximum noise immunity when operating 
with TTL levels and has approximately 400 mV of hysteresis. 
It can operate with signals of any waveshape which vary 
about this threshold; for example, a OV to 2V square wave 
or a ±5Vp.p sine wave. Each alternate threshold crossing Is 
recognized as one cycle (or pulse) of input frequency. 

The threshold level at which comparator A1 switches Is 
set to 1.4V by resistors R1, R2 and R3. The threshold level 
can be modified by inputting a voltage to REF IN. The 
threshold will be equal to the voltage input to pin 23. This 
voltage should not exceed 12V, or internal damage will 
occur. 

The comparator hysteresis (400 mV) can be reduced by 
connecting REF IN to COMMON (pin 22) with a resistor (see 
"Operation with HNIL or CMOS Logic" following). 


0 Hz TO , 
1 MHz ' 




+15V O- 


r 


h-o^iN 

10 

O REF IN O 

k-O COMMON O 

o 

O 

ho+vcc -VccOH 

o 

o 

o 

o 

o 

ZERO ADJ O 

o 

SUM POINT O 

o 

OUTPUT O— 

o 

FS INPUT O— 

013 

*FS ADJ O 


.^ 


-O “15V 


-O Vqut 


*FS = FULL SCALE 


Figure 1. Basic Operational Connections 


Output Circuit 

The 4736 output is an inverting op amp. The output 
voltage is set by connecting the OUTPUT (pin 10) to FULL- 
SCALE IN (pin 11) or FULL-SCALE ADJ (pin 12). These are 
the gain-setting inputs, feedback paths, for amplifier A2. 

Pin 11 is the nominal feedback connection. The internal 
resistor is factory trimmed to approximately 49.5 \<£1 and 
produces a +1 OV ±0.1 % output for a 1 MHz input frequency. 
Use this input when accuracy to ±0.1 % full scale Is sufficient 
or when external components cannot be tolerated. Use pin 
12 when greater accuracy is required, as it allows use of an 
external trim (see Figure 2). 

The feedback resistor from pin 12 is approximately 
495Q (or 1 %) less than nominal. Connecting a 1 kO. po¬ 
tentiometer between the output and pin 12 allows the user 
to fine-tune the output accuracy over a ±1% range. 

Trim Procedure 

Referring to Figure 2: 

1. Connect fiN to COMMON and adjust R1 for OV output. 

2. Connect fiN to a frequency source set at 1 MHz and 
adjust R2 for 10V output. 

3. Repeat steps (1) and (2) until zero and full scale are set. 
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4736 



Figure 2. Zero and Full-Scale Trim 


Output Offsetting 

Many frequency-to-voltage applications measure a 
range of frequencies that do not include zero, but require 
zero volts out for a particular frequency input. For example, 
the pulse train from a tachometer in a motor speed-control 
circuit might range between 500,000 and 1,000,000 pulses 
per second which would normally generate +5\/ to +10V 
from the 4736. 

To obtain a OV to +5V output range the 4736 must be 
offset by -SV. This is done by injecting a current of approxi¬ 
mately +50 |xA into the SUMMING POINT (pin 9). 

The offset-adjust scale factor is -10 |iAA/ ±25%. Offset 
adjust can be implemented, as shown in Figure 3, by 
connecting a potentiometer or fixed resistor between the 
SUMMING POINT and +Vcc (pin 20). The resistor value can 
be calculated: 

R = Vcc -5- [VoFF X Offset Scale Factor] 

= 15 [5x0.00001] 

= 300kn 

If a bipolar output voltage of -2.5V to +2.5V is required 
for a 500 kHz to 1 MHz input, the output may be offset a total 
of -7.5V by the same method. 



*R1 + R2 = Vqq (Vqff ^ Offset-Scale Factor) 


Figure 3. Output Offset of -5V to Provide OV to -t-SV for 500 kHz 
to 1 MHz Input Frequency 

Scale Expansion and Output Offset 

If an application requires a full-scale (OV to +1 OV) output 
for a less than full-scale range of Input frequencies, the full- 
scale factor can be expanded by increasing the feedback 
resistor for A2. This is done by adding a series resistortothe 
internal feedback resistors. Another method is not to use the 
internal resistors and to add an external resistor between the 
SUMMING POINT and the OUTPUT (see Figure 4). The 
value for the total feedback resistance needed, regardless 
of which method you choose, is: 

Rf = Gx 100,000 

= [AVout -5-AfiN (in kHz)] x 100,000 
= [10 4- 500] X 100,000 
= 2 k^^ (±25%) 

Ifthistechnique is used, be sure to account for the 4736's 
output compliance range. For example, at G = 2, a 500 kHz 
input produces +1 OV output, and a 1 MHz input demands a 
+20V output which will overrange the output of the 4736. The 
output must be offset by -1 OV. 

Be aware that the offset scale factor must be divided by 
the gain factor (G) that you have determined. Therefore, to 
offset the output by -1 OV you must drive ([-10 jjA/V Gain of 
2] X -1 OV) = +50 |iA/V into the summing point. 
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Figure 4. Custom Full-Scale Factor 


11 wa 



Figure 5. Input Conditioned for Small AC Signal with DC Offset 


Operation With HNIL or CMOS Logic 

To obtain maximum noise immunity with a particular 
logic type, the threshold should be set approximately half¬ 
way between the upper and lower logic levels. For example, 
a 2 kQ., 5% resistor connected between REF IN and +15V 
provides a threshold of +6V (a typical CMOS or HNIL 
threshold level). Adjusting the threshold voltage In this 
manner has no impact on the zero and full-scale trim 
techniques discussed earlier. 

Operation With Signals Less Than +2V Peak 

Connecting an 11 kQ, 5% resistor between REF IN and 
-15V will set the threshold at OV with hysteresis of approxi¬ 
mately 340 mV. Now the input signal only needs to be larger 
than 340 mV. However, input signals less than 500 mV 
should be used with care. They may produce erroneous 
output voltage due to the uncertainty of the hysteresis level. 

For input signals less than 500 mV, hysteresis should be 
reduced by connecting a 200Q resistor between REF IN and 
COMMON. This will lower the hysteresis and noise immu¬ 
nity to approximately 60 mV (see Figure 5). A10OQ resistor 
provides 30 mV of hysteresis, which is the minimum recom¬ 
mended value. When operating in this mode the 4736 is 
virtually a zero-crossing detector. 


Operation With DC Common Mode 

When the input signal is small and impressed on a DC 
voltage (i.e., -»-9V DC ±500 mV AC), it should be capacitively 
coupled to the 4736, as shown in Figure 5. If the DC voltage 
is large, greater than ±Vcc, the input should be protected 
against transients with diodes, as shown in Figure 6. 

Signals greater than ±Vcc peak-to-peak may also be 
attenuated with a simple resistive divider and the appropri¬ 
ate threshold level, as discussed earlier. 

Scale Expansion and Bipolar Output 

If an output voltage of -5V to -h 5V is required for 500 kHz 
to 1 MHz input, the same technique described in "Scale 
Expansion and Output Offset" is used. The scale is doubled 
and the output is offset a total of -15V (from +1 OV to ~5V) by 
additional current into the SUMMING POINT (pin 9). 

Output Ripple Filtering and Response Time 

By definition, frequency-to-voltage conversion is 
converting an AC signal to a DC level. Therefore, there must 
be ripple on the output. This ripple is filtered by a frequency 
variable filter and by an internal RC network consisting of Rf 
and a capacitor (C2) (see block diagram). Additional filtering 
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4736 


is obtained by adding an external capacitance between the 
summing point and output. 

The response time of the F-to-V converter (how fast the 
output voltage changes for a step change in the input 
frequency) is the RC time constant of the ripple filter. If 


external capacitance is added, response time is increased. 
If faster response with reduced ripple voltage is required, a 
higher frequency-to-voltage should be used or a multipole 
(i.e„ sharp cutofO low-pass filter should followthefrequency- 
to-voltage. 



11 kQ 



Figure 6. Input Conditioned for Small AC Signal Impressed on Large DC Voltage 
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"P^^TELEDYNE 

COMPONENTS 


4743 


HIGH FREQUENCY, HYBRID 
VOLTAGE TO FREQUENCY CONVERTER 



FEATURES 


■ Full Scale Output.10MHz 

■ Fully Differential Input 

■ Dynamic Range.lOOdB 

■ Linearity...11-Bit 

■ Supplies.±14Vto±18V 


■ Easily Modified for Different I/O Signals 

APPLICATIONS 

■ Two-Wire Digital Data Transmission 

■ Ratiometric Data Conversion 

■ Long Term Integrators 

■ Fiber Optic Data Links 

■ FM Modulation 


GENERAL DESCRIPTION 

The 4743 hybrid voltage to frequency converter offers a 
full scale output of 10MHz, and can be externally trimmed to 
any value from its rated full scale output down to 2.5 MHz. 
The 4743 has full differential input and can be driven with 
positive voltage, negative voltage, or positive current. Com¬ 
mon mode rejection ratio, with VCM = 10 volts, is 80 dB. With 
external resistors, the input is easily adapted to accept 
almost any input signal range. The output stage of the unit 
is a single uncommitted transistor that operates as a satu¬ 
rated switch. A pull-up resistor for TTL compatibility is 
internal to the 4743. An external resistor can be added to 
make the output CMOS compatible, and the output can drive 
10 TTL loads. 

The 4743 has quick response time, and settles to within 
±0.01 %FS of a newfrequency in 15 psec. Overload recovery 
time is approximately 10 output signal periods. Dynamic 
range is greater than 100 dB, and input/output linearity over 
a ±10 mV to ±10.5V input range is ±0.05%FS plus ±0.05% 
of signal. Initial zero offset error is±8 mV (8 kHz). Zero Offset 
error is externally adjustable to zero. Initial full scale accu¬ 
racy is ±50 kHz, and full scale error is also externally 
adjustable to zero. If full scale adjust is not employed. Pins 
7 and 9 must be tied together. 

The standard 4743 is specified for 0°C to +70°C opera¬ 
tion. The -HR version is specified for -55°C to +125°C 
operation. 


BLOCK DIAGRAM 



1057-1 
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VOLTAGE-TO-FREQUENCY 
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PIN CONFIGURATION 


Pin 

No. 

Designation 

Pin 

No. 

Designation 



1 

+Vcc 

24 

TTL 

2 

GROUND 

23 

four 

3 

NC 

22 

GROUND 

•ooooooooooo 

1 12 

4743 

24 13 

oooooooooooo 


4 

NC 

21 

NC 

5 

-Vcc 

20 

+Vcc 

6 

NC 

19 

NC 

7 

FULL SCALE ADJUST 

18 

NC 

8 

OFFSET ADJUST 

17 

NC 

9 

FULL SCALE ADJUST 

16 

NC 

10 

-*-l|N 

15 

NC 

11 

-VlN 

14 

NC 



12 

+V|N 

13 

NC 



NC = 

No internal connection 






ABSOLUTE MAXIMUM RATINGS 


Vcc Power Supplies.±22V 

±VIN I nput Voltage (Note 1).±15V 

V|D Differential Input Voltage.Vcc 

I IN Current Input.2.1 mA 

Tc Specified Temperature Range, Case 

4743......0°Cto+70°C 

4743-HR .-55Xto+125^C 

TsTG Storage Temperature Range.-65°C to +150°C 


ELECTRICAL CHARACTERISTICS: Tc = +25"’C, ±Vcc = ±15V, unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 







+V,N 

Positive Input Range (Note 1) 

For specified linearity 

0.0001 

— 

10.5 

V 

-V|N 

Negative Input Range 

For specified linearity 

-0.0001 

— 

-10.5 

V 

VcM 

Common Mode Input Range 


— 

— 

±10 

V 

CMRR 

Common Mode Rejection Ratio 


60 

80 

— 

dB 

V|D 

Differential Input Voltage 

Referenced to -V|n 

10.5 

12 

— 

V 

l|N 

Current Input Range 


0.0001 

— 

1.2 

mA 


Input Dynamic Range 


100 

— 

— 

dB 

Vos 

Input Offset Voltage 

Adjustable to zero 

— 

±8 

±20 

mV 

Vos TC 

Input Offset Drift 


— 

— 

±100 

pV/^C 

PSRRi 

Vos vs. Power Supplies 

Constant voltage at Pin 8 

— 

— 

±20 

pV/% 
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ELECTRICAL CHARACTERISTICS: (continued) 


Symbol 

Parameter 

Test Conditions 

1- 

1 Min 

Typ 

1- 

Max 

Unit 

Input (cont.) 






R+in 

+ViN Input Impedance 


— 

10 

— 

kn 

R-in 

-V|N Input Impedance 


— 

20 

— 

kn 

Run 

liN Input Impedance 

Virtual Ground 

— 

<0.1 

— 

n 

Output 







VoH 

Output High Voltage 

loH = 400 \iA 

2.4 

— 

5 

V 

VoL 

Output Low Voltage 

Iql = -16 mA 

— 

— 

0.4 

^v 

Ro 

Output Impedance 


632 

666 

700 

a 

Dynamic 







ts 

Settling Time to ±0.01 % 10V step 


— 

15 

— 



Overload Recovery 

AV|n = +20V to+IOV 

— 

— 

10 

Cycles 

Transfer 







to 

Output Frequency 

AV|n equals V)n - (-V|n) 

[AVin X Ia] - 

10V 

MHz 




[IinxIaI-Ifs 

MHz 

fA 

Full Scale Frequency 

@ V|N = 10.0000V pins 7 & 9 shorted @ 25®C 

10 

10.1 1 

10.2 

MHz 

Ifs 

Full Scale Current 


.75 

1 

1.25 

mA 

fAlc 

fA vs Temperature 

Tc = Tmin to Tmax 

— 

±40 

±100 

ppnn/°C 

Ifs Tc 

Ifs vs Temperature 


— 

30 

— 

ppm/°C 

±PSRR 

fA vs Power Supplies 

@ 10 MHz,±14to±18V 

-125 

— 

125 

ppm/%AV 

CMRR 

Common-Mode Rejection Ratio 

VcM=±10V.Vc,if=.5V 

60 

— 

120 

dB 

+Vinle 

+V|N Linearity Error (Note 2) 

V|N= 10 mV to 10V 

-.100 

<.05 

.100 

%FS 

-Vinle 

-Viisi Linearity Error (Note 2) 


-.100 

<.05 

.100 

%FS 

liNLE 

liN Linearity Error (Note 2) 


-.100 

<.05 

.100 

%FS 

tpw 

Output Pulse Width 

@ 10 MHz 

20 

— 

65 

ns 

Power Supplies 






Vcc 

Voltage Range 


±14 

±15 

±18 

V 


Voltage Asymmetry 

IVccI - I-Vcci 

— 

— 

±4 

V 

+lcc 

Positive Supply Quiescent Current 


— 

75 

90 

mA 

-Icc 

Negative Supply Quiescent Current 


— 

-25 

-35 

mA 

Pd 

Power Dissipation 


— 

1500 

1875 

mW 


NOTES: 1. +ViN has a lOkO internal resistor and a 2 mA maximum input current limit. The Voltage input, if current limited 
by a series input resistor, is virtually unlimited. 

2. Linearity specifications apply only after offset and gain have been trimmed to nominal. 

3. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. HR product tested at +125°C, +25°C and -55°C unless otherwise noted. Standard parts tested at room temperature 
only. 
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APPLICATION INFORMATION 

To take maximum advantage of the 4743’s versatility, a 
functional block diagram and theory of operation are pro¬ 
vided. With this information, input and output circuitry are 
easily understood and adapted to handle virtually any signal 
or load. 

The 4743 is a free-running (astable) voltage controlled 
multivibrator. A true differential input amplifier, (Ai), allows 
the device to be driven by positive input voltage applied to 
Pin 12 (with Pin 11 open or grounded), by negative voltage 
applied to Pin 11 (with Pin 12 open or grounded), by 
differential voltages applied between Pins 12 and 11 (V|n = 
+V|N- (-V|n)), or by positive current applied to Pin 10. CMRR 
with VCM = 10V is typically 80 dB. 

No combination of input signals that will drivethe output 
of amplifier Ai positive is permitted. The trigger circuit has a 
positive threshold level and will not respond to the negative 
signals that would result from a positive Ai output. 

Operating with any of the input conditions described 
above results In a negative voltage at the output of Ai. 
Resistor R, amplifier A 2 , and capacitor C(100 pF) form an 
integrator. C charges as a precise linear function of the V/F’s 
input signal. When the voltage (charge) impressed on C 
reaches a fixed precise threshold, the trigger circuit triggers 
the one-shot (monostable) multivibrator, which in turn pro¬ 
duces a constant-width output pulse. This pulse performs 
two functions. Amplified by Qi, it becomes the output of the 
V/F and at the same time, it activates the precision charge 
dispenser (PCD). 

The PCD discharges C to the same “zero” level every 
time an output pulse is produced. Thus, capacitor C is re¬ 
peatedly charged between two precise voltages at a rate 
which is a linear function of the V/F input signal. That is, the 
rate of charging C, the repetition rate of reaching the trigger 
threshold, and the output frequency are all functions of the 
V/F voltage and/or current inputs. 


Offset and Full Scale Trim Theory 

Offset and full scale trim are performed at the Input 
circuit. Offset is adjusted with a 25 kO potentiometer be¬ 
tween +Vcc and -Vcc. with its wiper tied to Pin 8. The 
subsequent voltage applied to Pin 8 falls across a 10 
resistor to become a constant positive or negative current 
directly injected into the Integrator capacitor. Full scale is 
adjusted by varying the Integrator’s input resistance with a 
series 1 k^l potentiometer connected between Pins 7 and 9. 
This adjustment can only lower the V/F’s full scale output 
frequency, so units are laser trimmed at the factory to have 
initial full scale output errors that are always positive. By 
placing a fixed resistor in series with the adjusting potenti¬ 
ometer, the full scale output frequency can be lowered to 
2.5 MHz. If full scale adjustment is not employed. Pins 7 and 
9 must be tied together with as short a jumper as possible. 

4743 Output Circuit 

The TTL logic pulse train from the V/F Is designed to 
drive 10 TTL loads with ±15V supplies. The output circuit is 
a single transistor (Qi) connected as a saturated switch with 
an uncommitted 2 kQ. pull-up resistor. With Pins 23 and 24 
connected together, the output is approximately zero volts 
when Qi is on. With Qi off, the output voltage is -i-Vcc/3 or 
+5V when +Vcc = +15V. If Pin 23 is not connected to Pin 24, 
an external divider must be provided. The output circuit is 
easily adapted to drive CMOS logic by paralleling the 2 kQ 
resistor with an external resistor large enough to bring the 
output up to the desired level. The additional pull-up resistor 
also decreases pulse rise time when driving larger capaci¬ 
tive loads. 

The output (collector of Qi) may be shorted to ground 
indefinitely without damage. However, since Qi is on most 
of the time, a short to +Vcc will cause certain catastrophic 
failure in about 5 seconds. 
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^^N^TELEDYNE 

COMPONENTS 


VOLTAGE-TO-FREQUENCY/FREQUENCY-TO-VOLTAGE CONVERTERS 

FEATURES APPLICATrONS 


Voltage-to-Frequency 


■ Operation.1 Hz to 100 kHz 

■ Choice of Guaranteed Linearity: 

TC9401.0.01% 

TC9400. 0.05% 

TC9402.0.25% 

■ Gain Temperature Stability.±25 ppm/°C Typ 

■ Open-Collector Output 


■ Output Can Interface With Any Form of Logic 

■ Pulse and Square-Wave Outputs 

■ Programmable Scale Factor 


■ Low Power Dissipation...27 mW Typ 

■ Single-Supply Operation.+8V to +15V 

■ Dual-Supply Operation.±4V to ±7.5V 

■ Current or Voltage Input 


Frequency-to-Voltage 

■ Operation. 

■ Choice of Guaranteed Linearity: 

TC9401. 

TC9400. 

TC9402. 

■ Op-Amp Output 

■ Programmable Scale Factor 

■ High Input Impedance. 

■ Accepts Any Voltage Waveshape 


Voltage-to-Frequency 

■ Temperature Sensing and Control 

■ fiP Data Acquisition 

■ Instrumentation 

■ 13-Bit Analog-to-Digital Converters 

■ Digital Panel Meters 

■ Analog Data Transmission and Recording 

■ Phase-Locked Loops 

■ Medical Isolation 

■ Transducer Encoding 

■ Alternate to 555 Astable Timer 

Frequency-to-Voltage 

■ Frequency Meters/Tachometer 

■ Speedometers 

■ Analog Data Transmission and Recording 

■ Medical Isolation 


.DC to 100 kHz 

. 0 . 02 % 

.0.05% 

.0.25% 

.>10 MQ 


Motor Control 
RPM Indicator 
FM Demodulation 
Frequency Multiplier/Divider 
Flow Measurement and Control 


PIN CONFIGURATIONS 


DIP 



^DD 

NC 

AMPLIFIER OUT 
COMPARATOR IN 
FREQ/2 OUT 
OUTPUT COMMON 
PULSE FREQ OUT 


SO 



^DD 

NC 

AMPLIFIER OUT 
COMPARATOR IN 
FREQ/2 OUT 
OUTPUT COMMON 
PULSE FREQ OUT 


NC = NO INTERNAL CONNECTION 


1106-1 
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VOLTAGE-TO-FREQUENCY/ 
FREQUENCY-TO-VOLTAGE CONVERTERS 

TC9400 

TC9401 

TC9402 


GENERAL DESCRIPTION 

The TC9400/TC9401/TC9402 are low-cost voltage-to- 
frequency (V/F) converters combining bipolar and CMOS 
technology on the same substrate. The converters accept a 
variable analog input signal and generate an output pulse 
train whose frequency is linearly proportional to the Input 
voltage. 

The devices can also be used as highly-accurate fre- 
quency-to-voltage (F/V) converters, accepting virtually any 
input frequency waveform and providing a linearly-propor- 
tional voltage output. 

A complete V/F or F/V system requires the addition of 
two capacitors, three resistors, and reference voltage. 


ORDERING INFORMATION 


Part No. 

Linearity 

(V/F) 

Package 

Temperature 

Range 

TC9400CPD 

0.05% 

14-Pln 
Plastic DIP 

0°C to +70°C 

TC9400EJD 

0.05% 

14-Pin 

CerDIP 

-40'’C to +85°C 

TC9400COD 

0.05% 

14-Pin SO 

0°C to +70^0 

TC9401CPD 

0.01% 

14-Pin 
Plastic DIP 

o“C to -t-yox 

TC9401EJD 

0.01% 

14-Pin 

CerDIP 

-40°C to -f85X 

TC9402CJD 

0.25% 

14-Pin 
Plastic DIP 

O'C to -hTO^C 

TC9402EJD 

0.25% 

14-Pin 

CerDIP 

-40°C to +85^0 


ABSOLUTE MAXIMUM RATINGS 


Vdd-Vss .+18V 

liN ....10 mA 

VouT Max -VouT Common. +25V 

Vref - Vss . -1.5V 

Storage Temperature Range.-65°C to +150®C 

Operating Temperature Range 

C Device.0°C to +70°C 

E Device...-40°C to +85°C 

Package Dissipation.500 mW 

Lead Temperature (Soldering, 10 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 
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VOLTAGE-TO-FREQUENCY/ 

FREQUENCY-TO-VOLTAGE CONVERTERS 

TC9400 

TC9401 

TC9402 


ELECTRICAL CHARACTERISTICS: Vqd = +5V, Vss = -SV, Vgnd = 0. Vref = -SV, Rbias = 100 kn, 

Full Scale =10 kHz, unless otherwise specified. Ta = +25°C, unless temperature range is specified -40°C to +85°C for 
E device, 0°C to +70°C for C device. 


VOLTAGE-TO-FREQUENCY 

TC9401 

TC9400 

TC9402 


Parameter Definition 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Unit 


Accuracy 


Linearity 10 kHz Output Deviation From Straight 

Line Between Normalized Zero 
and Full-Scale Input 

— 0.004 0.01 

— 0.01 0.05 

— 0.05 0.25 

% Full 
Scale 

Linearity 100 kHz Output Deviation From Straight 

Line Between Normalized Zero 
and Full-Scale Input 

— 0.04 0.08 

— 0.1 0.25 

— 0.25 0.5 

% Full 
Scale 

Gain Temperature Variation in Gain A Due to 

Drift (Note 1) Temperature Change 

— ±25 ±40 

— ±25 ±40 

— ±50 ±100 

ppm/°C 

Full Scale 

Gain Variance Variation From Exact A Compensate 

by Trimming R|n, Vref, or Cref 

— ±10 — 

— ±10 — 

— ±10 — 

% of 
Nominal 

Zero Offset (Note 2) Correction at Zero Adjust for Zero 

Output When Input is Zero 

— ±10 ±50 

— ±10 ±50 

— ±20 ±100 

mV 

Zero Temperature Variation in Zero Offset Due to 

Drift (Note 1) Temperature Change 

— ±25 ±50 

— ±25 ±50 

— ±50 ±100 

pV/'-C 


Analog Input 


liN Full Scale 

Full-Scale Analog Input Current to 
Achieve Specified Accuracy 

— 10 — 

— 10 — 

— 10 — 

pA 

liN Overrange 

Overrange Current 

— — 50 

— — 50 

— — 50 

pA 

Response Time 

Settling Time to 0.1 % Full Scale 

— 2 — 

— 2 — 

— 2 — 

Cycle 


Digital Output 


VsAT @ loL = 10 M-A 
(Note 3) 

Logic "0" Output Voltage 

— — 0.4 

— — 0.4 

— — 0.4 

V 

VouT Max - Vqut 
Common (Note 4) 

Voltage Range Between Output 
and Common 

— — 18 

— — 18 

- - 18 

V 

Pulse Frequency 

Output Width 

— 3 — 

— 3 — 

— 3 — 

ps 


Supply Current 


Iqd Quiescent 

Current Required From Positive 











E Device (Note 9) 

Supply During Operation 

— 

2 

4 

— 

2 

4 

— 

— 

— 

mA 

C Device 


— 

2 

6 

— 

2 

6 

— 

3 


mA 

Iss Quiescent 

Current Required From Negative 











E Device (Note 10) 

Supply During Operation 

— 

-1.5 

-4 

— 

-1.5 

-4 

— 

— 

— 

mA 

C Device 


— 

-1.5 

-6 

— 

-1.5 

-6 

— 

-3 

-10 

mA 

Vdd Supply 

Operating Range of Positive Supply 

4 

— 

7.5 

4 

— 

7.5 

4 

— 

7.5 

V 

Vss Supply 

Operating Range of Negative Supply 

-4 

— 

-7.5 

-4 

— 

-7.5 

-4 

— 

-7.5 

V 


Reference Voltage 


Vref -Vss _Range of Voltage Reference Input_| -1 — — | -1 — — | -1 — — | V 


NOTES: 1. Full temperature range. 

2. I|N = 0. 

3. Full temperature range, Iqut = 10 mA. 

4. louT= 10 pA. 

5. 10 Hz to 100 kHz. 

6. 5 ps minimum positive pulse width and 0.5 ps minimum 
negative pulse width. 


7. tR = tF = 20ns. 

8. RL>2kn. 

9. Full temperature range, Vin = -0.1V, 

10. V|N = -0.1V. 

11. I|N connects the summing junction of an operational 
amplifier. Voltage sources cannot be attached directly, 
but must be buffered by external resistors. 
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VOLTAGE-TO-FREQUENCY/ 
FREQUENCY-TO-VOLTAGE CONVERTERS 

TC9400 

TC9401 

TC9402 



VOLTAGE-TO-FREQUENCY (V/F) 

CIRCUIT DESCRIPTION 

The TC9400 V/F converter operates on the principal of 
charge balancing. The input voltage (Vin) is converted to a 
current (I in) by the input resistor. This current is then con¬ 
verted to a charge by the integrating capacitor and shows 
up as linearly decreasing voltage at the output of the op 
amp. The zero crossing of the output is sensed by the 
comparator causing the reference voltage to be applied to 
the reference capacitor for a time period long enough to 
virtually charge the capacitor to the reference voltage. This 
action reduces the charge on the integrating capacitor by a 
fixed amount (q = Cref x Vref). causing the op-amp output 
to step up a finite amount. 


At the end of the charging period, Cref is shorted out, 
dissipating the stored reference charge, so when the out¬ 
put again crosses zero, the system is ready to recycle. In 
this manner, the continued discharging of the Integrating 
capacitor by the input is balanced out by fixed charges from 
the reference voltage. As the input voltage is increased, 
the number of reference pulses required to maintain bal¬ 
ance increases, causing the output frequency to also 
increase. Since each charge increment is fixed, the increase 
in frequency with voltage is near. In addition, the accuracy 
of the output pulses does not directly affect the linearity of 
the V/F. It must simply be long enough for full charge 
transfer to take place. 
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The TC9400 contains a "self-start" circuit to ensure the 
V/F converter always operates properly when power Is first 
applied. In the event during "power-on" the op-amp output is 
below comparator threshold, and Cref is already charged, 
a positive voltage step will not occur. The op-amp output will 
continue to decrease until it crosses the -2.5V threshold of 
the "self-start" comparator. When this happens, a resistor is 
connected to the op-amp input, causing the output to quickly 
go positive until the TC9400 is once again in Its normal 
operating mode. 

The TC9400 utilizes both bipolar and MOS transistors 
on the same substrate, taking advantage of the best features 
of each. MOS transistors are used at the inputs to reduce 
offset and bias currents. Bipolar transistors are used in the 
op amp for high gain, and on all outputs for excellent current 
driving capabilities, CMOS logic is used throughout to mini¬ 
mize power consumption. 

PIN FUNCTIONS 
Comparator Input 

In the V/F mode, this input is connected to the amplifier 
output (pin 12) and triggers the 3 ps pulse delay when the 
input voltage passes its threshold. In the F/V mode, the input 
frequency is applied to the comparator input. 

Pulse Freq Out 

This output is an open-collector bipolar transistor pro¬ 
viding a pulse waveform whose frequency is proportional to 
the Input voltage. This output requires a pull-up resistor and 
interfaces directly with MOS, CMOS and TTL logic. 


Freq/2 Out 

This output is an open-collector bipolar transistor pro¬ 
viding a square wave one-half the frequency of the pulse 
frequency output. This output requires a pull-up resistor and 
interfaces directly with MOS, CMOS, and TTL logic. 

Output Common 

The emitters of both the freq/2 out and the pulse freq out 
are connected to this pin. An output level swing from the 
collector voltage to ground or to the Vss supply may be 
obtained by connecting to the appropriate point. 

Rbias 

Specifications for the TC9400 are based on Rbias = 
100 kn±10%, unless otherwise noted. Rbias may be varied 
between the range of 82 kQ. < Rbias < 120 k^2. 

Amplifier Out 

The output stage of the operational amplifier. A nega¬ 
tive-going ramp signal is available at this pin in the V/F mode. 
In the F/V mode, a voltage proportional to the frequency 
input is generated. 

Zero Adjust 

The noninverting input of the operational amplifier. The 
low-frequency set point is determined by adjusting the 
voltage at this pin. 
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l|N 

The inverting input of the operational amplifier and the 
summing junction when connected in the V/F mode. An 
input current of 10 |liA is specified for nominal full scale, but 
an overrange current up to 50 pA can be used without 
detrimental effect to the circuit operation. 


Vref 

A reference voltage from either a precision source or the 
Vss supply may be applied to this pin. Accuracy will be 
dependent on the voltage regulation and temperature char¬ 
acteristics of the circuitry. 

Vref Out 

The charging current for Cref is derived from the 
internal circuitry and switched by the break-before-make 
switch to this pin. 


V/F CONVERTER DESIGN INFORMATION 
Input/Output Relationships 

The output frequency (four) is related to the analog input 
voltage (Vin) by the transfer equation: 


Frequency out = 


V|N 

Rin 


1 


(Vref) (Cref) 


four- 


External Component Selection 

Rin 

The value of this component is chosen to give a full- 
scale input current of approximately 10 pA: 

P _V|N Full Scale 
" lOpA ■ 

Example: R|n = ^ = 1 Mil. 

^ 10 pA 

Note that the value is an approximation and the exact 
relationship is defined by the transfer equation. In practice, 
the value of Rin typically would be trimmed to obtain full- 
scale frequency at V|n full scale (see 'Adjustment Proce¬ 
dure"). Metal film resistors with 1% tolerance or better are 
recommended for high-accuracy applications because of 
their thermal stability and low-noise generation. 


C|NT 

The exact value is not critical but is related to Cref by 
the relationship: 


3Cref ^ Cint^ 10 Cref- 


Improved stability and linearity are obtained when 
CiNT ^ 4 Cref- Low-leakage types are recommended, 
although mica and ceramic devices can be used in applica¬ 
tions where their temperature limits are not exceeded. 
Locate as close as possible to pins 12 and 13. 

Cref 

The exact value is not critical and may be used to trim the 
full-scale frequency (see "Input/Output Relationships"). Glass 
film or air trimmer capacitors are recommended because of 
their stability and low leakage. Locate as close as possible 
to pins 5 and 3. 

Vdd, Vss 

Power supplies of ±5V are recommended. For high- 
accuracy requirements, 0.05% line and load regulation and 
0.1 pF disc decoupling capacitors located near the pins are 
recommended. 

Adjustment Procedure 

Figure 1 shows a circuit for trimming the zero location. 
Full scale may be trimmed by adjusting Rin, Vref, or Cref- 
Recommended procedure for a 10 kHz full-scale frequency 
is as follows: 

(1) Set ViN to 10 mV and trim the zero adjust circuit to 
obtain a 10 Hz output frequency. 

(2) Set ViN to 10V and trim either Rin, Vref, or Cref to 
obtain a 10 kHz output frequency. 

If adjustments ar performed in this order, there should be no 
interaction and they should not have to be repeated. 
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Figure 5 Variable Voltage —• Single Supply Operation 
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V* = 10VTO15V 



Figure 6 Single Variable Supply Voltage With Offset and Gain Adjust 


ELECTRICAL CHARACTERISTICS: Vdd = +5V, Vss = — 5V, Vqnd = 0. Vref = -5V, Rbias = 100 

Full Scale = 10 kHz, unless otherwise specified. Ta = +25®C, unless temperature range is specified -40°C to +85°C for E 

device, 0°C to +70°C for C device. 


FREQUENCY-TO-VOLTAGE 

TC9401 

TC9400 

TC9402 


Parameter Definition 

Minj Typ |Max 

Min 1 Typ 1 Max 

Min| Typ |Max 

Unit 


Accuracy 


Nonlinearity (Note 5) 

Deviation From Ideal Transfer 

Function as a Percentage 

Full-Scale Voltage 


0.01 

0.02 


0.02! 

0.05 


0.05 

0.25 

% Full 
Scale 

Input Frequency 
Range (Note 6) 

Frequency Range for Specified 
Nonlinearity 

10 


100k 

10 


100k 

10 


100k 

Hz 


Frequency Input 


Positive Excursion 
(Note 7) 

Voltage Required to Turn 

Comparator On 

0.4 


Vdd 

0.4 


Vdd 

0.4 


Vdd 

V 

Negative Excursion 
(Note 7) 

Voltage Required to Turn 

Comparator Off 

-0.4 


-2 

-0.4 


-2 

-0.4 


-2 

V 

Minimum Positive 
Pulse Width (Note 7) 

Time Between Threshold 

Crossings 


5 



5 



5 


^is 

Minimum Negative 
Pulse Width (Note 7) 

Time Between Threshold 

Crossings 


0.5 



0.5 



0.5 


ps 

Input Impedance 

10 



10 



10 



MW 
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ELECTRICAL CHARACTERISTICS (Cont.) 


FREQUENCY-TO-VOLTAGE 

TC9401 

I TC9400 

TC9402 


Parameter Definition 

Min I Typ | Max 

Min I Typ | Max 

Min I Typ |Max 

Unit 


Analog Outputs 


Output Voltage Voltage Range of Op Amp Output 

(Note 8) for Specified Nonlinearity 


Vdd~1 



Vdd-1 



Vdd-1 


V 

Output Loading Resistive Loading at Output of 

Op Amp 

2 



2 



2 



kW 


Supply Current 


Idd Quiescent 

E Device (Note 9) 

C Device 

Current Required From Positive 

Supply During Operation 


2 

2 

4 

6 


2 

2 

4 

6 


3 

10 

< < 
£ £ 

Iss Quiescent 

Current Required From Negative 







-1 


! 


E Device (Note 10) 

Supply During Operation 


-1.5 

-4 


-1.5 

-4 




mA 

C Device 



-1.5 

-6 


-1.5 

-6 


-3 

-10 

mA 

Vdd Supply 

Operating Range of Positive Supply 

4 


7.5 

4 


7.5 

4 


7.5 

V 

Vss Supply 

Operating Range of Negative Supply 

-4 


-7.5 

-4 


-7.5 

-4 


-7.5 

V 


Reference Voltage 

Vref -Vss Range of Voltage Reference Input 

NOTES: 1. Full temperature range. 

2. I|N = 0. 

3. Full temperature range, Iout= 10 mA. 

4. louT= 10 pA. 

5. 10 Hz to 100 kHz. 

6. 5 ps minimum positive pulse width and 0.5 ps minimum 
negative pulse width. 


zU_^_LzU_^_^ 

7. tR = tF = 20ns. 

8. RL>2l<n. 

9. Full temperature range, V|n = -0.1 V. 

10. V|N = -0.1V. 

11. iiN connects the summing junction of an operational 
amplifier. Voltage sources cannot be attached directly, 
but must be buffered by external resistors. 



FREQUENCY-TO-VOLTAGE {FN) 

CIRCUIT DESCRIPTION 

When used as an F/V converter, the TC9400 generates 
an output voltage linearly proportional to the Input frequency 
waveform. 

Each zero crossing at the comparator's input causes a 
precise amount of charge (q = Cref x Vref) to be dispensed 
into the op amp's summing junction. This charge in turn flows 
through the feedback resistor, generating voltage pulses at 
the output of the op amp. A capacitor (Cint) across Rint 
averages these pulses into a DC voltage which is linearly 
proportional to the input frequency. 

F/V CONVERTER DESIGN INFORMATION 
Input/Output Relationships 

The output voltage is related to the input frequency (f|N) 
by the transfer equation; 

VouT = [Vref Cref Rint] fiN- 


CiNjcan be increased to lower the ripple. Values of 1 pF 
to 100 pF are perfectly acceptable for low frequencies. 

When the TC9400 Is used in the single-supply mode, 
Vref is defined as the voltage difference between pin 7 and 
pin 2. 

Input Voltage Levels 

The input signal must cross through zero in order to trip 
the comparator. To overcome the hysteresis, the amplitude 
must be greater than ±200 mV. 

If only a unipolar input signal (f|N) is available, it is 
recommended an offset circuit utilizing a resistor be used or 
the signal be coupled In via a capacitor. 

For 100 kHz maximum input, Rint should be decreased 
to 100 kn. 



The response time to a change in f|N is equal to (Rint note: Cref should be increased for low fiN max. Adjust Cref so Vqut is 

Cint) - The amount of ripple on Vout is inversely proportional approximately 2.5V to 3V for maximum input frequency. When f(N max is 

to Cint and the input frequency V cycle should be greater than 20% to ensure Cref 

^ ^ is fully charged and discharged. 
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Input Buffer 

four and fouT/2 are not used in the F/V mode. However, 
these outputs may be useful for some applications, such as 
a buffer to feed additional circuitry. Then, fouT will follow the 
input frequency waveform, except that fouT will go high 3 |is 
after fiN goes high; fouT/2 will be squarewave with a fre¬ 
quency of one-half fouT- 

If these outputs are not used, pins 8, 9 and 10 may be 
left floating or connected to ground. 


Figure 8 F/V Digital Outputs 


>> 


5.0 us 
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■J 
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= 3 ps 
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V* = 10VTO15V 



NOTES: 1. The Input is now referenced to 6.2V (pin 6). The Input signal must therefore be restricted to bo greater than 4V (pin 6, 2V) 
and less than 10V to 15V (Vdd)- 

If the signal is AC coupled, a lOOkO to 10 MO resistor must be placed between the input (pin 11) and ground (pin 6). 

2. The output will now be referenced to pin 6 which is at 6.2V (Vz). For frequency meter applications, a 1 mA meter with a 
series-scaling resistor can be placed across pins 6 and 12. 

Figure 9 F/V Single Supply 



The sawtooth ripple on the output of an F/V can be 
eliminated without affecting the F/V's response time by 
using the circuit in Figure 10. The circuit has a DC gain of . 
Any AC components (such as a ripple) are amplified posi¬ 
tively via the lower path and negatively via the upper path. 
When both paths have the same gain, AC ripple is cancelled. 
The amount of cancellation is directly proportional to gain 
matching. If the two paths are matched within 10%, the ripple 
will be lowered by 1/10. For 1% matching, the ripple Is 
lowered by 1/100. The 10 kQ potentiometer Is used to make 
the gain equal in both paths. This circuit is insensitive to 
frequency changes and signal waveshape. 

FA^ POWER-ON RESET 

In F/V mode, the TC9400 output voltage will occasion¬ 
ally be at its maximum value when power is first applied. This 
condition remains until the first pulse is applied to fiN. In most 
frequency-measurement applications this is not a problem, 
because proper operation begins as soon as the frequency 
input is applied. 


10kI2 



Figure 10 F/V Ripple Eliminator 
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In some cases, however, the TC9400 output must be (see Figure 11 A). Where predictable power-on operation is 
zero at power-on without a frequency input. In such cases, critical, a more complicated circuit, such as Figure 11B, may 

a capacitor connected from pin 11 to Vqd will usually be be required, 
sufficient to pulse the TC9400 and provide a power-on reset 



Figure 11 Power-On Operation/Reset 
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TC620 

TC621 


^^^TELEDYNE 

COMPONENTS 


SOLID STATE TEMPERATURE SENSOR 


FEATURES 

■ ±3°C Absolute Temperature Accuracy 

■ 2 kV ESD Protection on All Pins 

■ Replaces Mechanical Thermostats and Switches 

■ On-Chip Temperature Sense (TC620) 

■ External Temperature Sense (TC621) 

■ 8-Pin DIP or SOIC for Direct PCB Mounting 

■ 2 User-Programmable Temperature Set Points 

■ 2 independent Temperature Limit Outputs 

■ Heat/Cool Regulate Output 

APPLICATIONS 

■ System Over-Temperature Shutdown 

■ Advanced Thermal Warning 

■ Fan Speed Control Circuits 

■ Vibration-Immune Temperature Sensing 

■ Accurate Appliance Temperature Sensing 


GENERAL DESCRIPTION 

The TC620 and TC621 are solid-state temperature 
switches designed to replace mechanical switches in tem¬ 
perature sensing and control applications. Ambient tem¬ 
perature is sensed and compared to programmable tem¬ 
perature minimums and maximums. 

Both devices provide a LOW LIMIT and HIGH LIMIT 
logical output as well as a CONTROL output. On the TC620, 
the LOW LIMIT is low when the measured temperature is 
below the low temperature set-point and the HIGH LIMIT is 
low when the measured temperature is below the high 
temperature set-point. The T0621 provides the same output 
functions except that the logical states are Inverted. These 
outputs allow for easy ‘over’ and ‘under’ temperature detec¬ 
tion. 

The CONTROL output provides a programmable hys¬ 
teresis in that it goes high when the measured temperature 
goes above the HIGH LIMIT set-point and returns to low 
when the measured temperature goes below the LOW 
LIMIT set-point. The CONTROL output of either device Is 
easily applied to a temperature control system. 


FUNCTIONAL DIAGRAM 



Rlow< '’high 


Rlow>'’high 


NOTE: LATCH Q is “C” (STANDARD) 
LATCH Q is “H” (OPTION) 


NOTE: LATCH Q is “C” (STANDARD) 
LATCH Q is “H” (OPTION) 
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Our proprietary technology provides excellent absolute 
temperature accuracy (±3°C). The low current requirement 
of these devices make them especially appealing in battery 
powered applications. The TC620 and TC621 have no 
moving parts so they are rugged and work well in equipment 
that needs to take a lot of abuse. Automotive, marine and 
industrial users will benefit from the ruggedness of these 
devices. 

The LOW LIMIT and HIGH LIMIT temperatures are set 
by connecting the appropriate resistors to the LOW SET and 
HIGH SET Inputs. The value of these SET resistors are a 
function of the temperature sensing element. 

Internal Temperature Sensor (TC620) 

The TC620 incorporates an on-board positlve-tempera- 
ture-coefficient (PTC) thermal sensor which reacts to the 
internal temperature of the die. The LOW SET resistor 
(pin 2) should always be lower than the HIGH SET resistor 
(pin 3) to insure proper operation. 

External Temperature Sensor (TC621) 

The TC621 performs the same function as the TC620 
but employs a user supplied temperature sensing device. 
The most common type of temperature sensor is a negative- 
temperature-coefficient (NTC) thermistor. An NTC sensor 
requires that the input and output functions be reversed from 
that of the TC620. This means that the HIGH SET resistor 
(pin 2) should always be lower than the LOW SET resistor 
(pin 3) to insure proper operation. See the applications 
section of this data sheet for recommendations on selecting 
the thermistor. 

DESIGN PARAMETERS 

The designer must be sure that the LOW SET program¬ 
ming resistor is smaller than the HIGH SET programming 
resistor for the TC620 or that the LOW SET resistor is larger 
than the HIGH SET resistor when using the TC621 with an 
NTC external thermistor. No damage will be done to the part 
if this is not correct but the CONTROL output logic will be 
effected. 

The LOW LIMIT and HIGH LIMIT outputs will go to a 
‘high’ state (‘low’ state for TC621) whenever the tempera¬ 
ture of the device (or external thermistor) exceeds the 
temperature programmed for the respective inputs. 

The CONTROL output latch will go to a ‘high’ whenever 
the sensed temperature exceeds the HIGH SET tempera¬ 
ture and will go to a ‘low’ if the sensed temperature drops 
below the LOW SET temperature. A bonding option may be 
used to Invert the CONTROL output logic for heating appli¬ 
cations. The part number for this option has an ‘H’ instead of 
a ‘C’ placed after the ‘620’ or ‘621’ digits. 


If power is applied to the device while the sensed 
temperature is between the LOW SET temperature and the 
HIGH SET temperature, the LOW LIMIT output will go ‘high’ 
(‘low’ for the T C621) and the CONTROL output will go ‘high’. 

The resistance value for the TC620 can be determined 
by inserting the desired trip temperature (T) into the follow¬ 
ing formulas: 

For Temperatures 

below 70°C Rtrip = 0.783 x T + 91 
above 70°C Rtrip = T + 77 

Where Rtrip = Programming resistor value in k ohms 
T = Desired trip temperature in degrees C 

For example, to program the device to trip at 50°C, 
the programming resistor would be; 

Rtrip = 0.783 x 50 + 91 = 130.2 kQ. 

The TC621 can source or sink 10 mA per output. The 
outputs of the TC620 can source or sink 1mA. If higher 
currents are utilized in the TC620, the device will generate 
internal heat, possibly causing erroneous temperature sens¬ 
ing. 
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ABSOLUTE MAXIMUM RATINGS 

Power Dissipation 

Plastic.1W 

CerDIP.800 mW 

Derating Factors 

Plastic.8 mW/°C 

CerDIP.6.4 mW/°C 

Supply Voltage.20V 

Input Voltage Any Input.(Gnd -0.3) to (VDD +0.3) 

Operating Temperature 

M Version.-55 to +125°C 

E Version.-40 to +85°C 

C Version.0 to +70°C 

Maximum Chip Temperature.+150°C 

Storage Temperature.-65 to +150°C 

Lead Temperature (10 sec).+300X 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ELECTRICAL CHARACTERISTICS 


ORDERING INFORMATION 


Part No. 

Package 

Ambient 

Temperature 

TC620CCOA 

8-Pin SOIC 

0°C to +70^0 

TC620CEOA 

8-Pin SOIC 

-AO^C to +85‘>C 

TC620CCPA 

8-Pin Plastic DIP 

0°C to +70'’C 

TC620CEPA 

8-Pin Plastic DIP 

-40°C to +85°C 

TC620CMJA 

8-Pin Ceramic DIP 

-55°Cto+125°C 

TC621CCOA 

8-Pin SOIC 

o°c to+ yo^c 

TC621CEOA 

8-Pin SOIC 

-40°C to +85‘‘C 

TC621CCPA 

8-Pin Plastic DIP 

0°C to +70°C 

TC621CEPA 

8-Pin Plastic DIP 

-40°C to +85°C 

TC621CMJA 

8-Pin Ceramic DIP 

-55°C to +125°C 

TC620HCOA 

8-Pin SOIC 

O^C to +7(yc 

TC620HEOA 

8-Pin SOIC 

-40»C to +85“C 

TC620HCPA 

8-Pin Plastic DIP 

0°C to +70°C 

TC620HEPA 

8-Pin Plastic DIP 

-40°C to +85°C 

TC620HMJA 

8-Pin Ceramic DIP 

-55°C to +125''C 

TC621HCOA 

8-Pin SOIC 

OX to +70°C 

TC621HEOA 

8-Pin SOIC 

-40°C to +85°C 

TC621HCPA 

8-Pin Plastic DIP 

OX to +70X 

TC621HEPA 

8-Pln Plastic DIP 

-40X to +85X 

TC621HMJA 

8-Pin Ceramic DIP 

-55Xto+125X 


Parameter 

Conditions 


Min 

Typ 

Max 

Unit 

Supply Voltage 

4.5 


18 

V 

Supply Current 


140 

200 

pA 

Output Resistance 

Output High or Low 


400 

1000 

a 

Output Current 620 

Temp Sensed 

Source/Sink 



1 

mA 

621 

Temp Sensed 

Source/Sink 



10 

mA 

Output Current 620 

Cool/Heat 

Source/Sink 



1 

mA 

621 

Cool/Heat 

Source/Sink j 



10 

mA 

Absolute Accuracy 

T = Programmed Temperature 

_1:3_ 1 

T 

_I±3_, 

®C 
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TYPICAL APPLICATIONS 


Dual Speed Temperature Control 


The Dual Speed Temperature Control adds features to 
the basic controller by using the TC4469 quad driver. Two of 
the drivers are configured in a simple oscillator. When the 
temperature Is below the LOW TEMP set point, the output of 
the driver is off. When the temperature exceeds the LOW 
TEMP set point, the TC4469 gates the oscillator signal to the 
outputs of the driver. This square wave signal modulates the 
remaining outputs and drives the motor at a low speed. If this 


speed cannot keep the temperature below the HIGH TEMP 
set point, then the driver turns on continuously which in¬ 
creases the fan speed to high. The TC620 will monitor the 
temperature and only allow the fan to operate when needed, 
and at the required speed to maintain the desired tempera¬ 
ture. A higher power option can be designed by adding a 
resistor and a power MOSFET. 



Temperature Controlled Fan 

In the Temperature Controlled Fan schematic, a high 
and a low temperature Is selected by two ‘set’ resistors. The 
TC620then monitors the ambient temperature and will turn 
on the FET switch when the temperature exceeds the HIGH 
TEMP set point. The fan remains on until the temperature 
decreases to the LOW TEMP set point. This provides the 


hysteresis. In this application, the fan will not turn on unless 
needed. This makes for a high-power fan control with only 
four parts. 

The TC621 uses an external themistor to monitor the 
ambient temperature. 


+12V +12V 
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USING THE TC621 

The TC621 uses an external thermistor to monitor the 
controlling temperature. Athermistor with a resistance value 
of approximately lOOkH at 25°C is recommended. 

Typical thermistors exhibit a negative temperature coef¬ 
ficient (NTC) which must be considered when selecting the 
set-point resistors. A temperature set-point is selected by 
picking a resistor whose value is equal to the resistance of 
the thermistor at the desired temperature. 

A 30kn resistor between HIGH TEMP (pin 2)and Vdd 
(pin 8) will set the high temperature trip point at +50°C and 
a 49kn resistor on LOW TEMP (pin 3) will set the low 
temperature trip point to +40°C. 

TYPICAL APPLICATIONS 
Solid State Thermostat 

The Solid State Thermostat diagram shows how the 
TC620 can be used to control home, industrial and commer¬ 
cial heating and cooling applications in a low cost, simple 
approach. The TC620 monitors the temperature and when 
heating is required, turns on the FET swich. This applies 
power to the gas valve and turns off the “standby” indicator. 


TYPICAL NTC THERMISTOR 
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Typical Thermistor Resistance vs Temperature 


The Nicad battery provides power to the circuit when the 
FET is energized. D5 and R2 provide current limited power 
to the circuit when the FET is off. This also keeps the Nicad 
battery recharged. R3 and R4 set the desired hysteresis to 
prevent rapid cycling of the heating or cooling equipment. 




TC620 Heating/Cooling Application 
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COMPONENTS 


PRELBMINARY INFORMATION 

TC626 


SOLID-STATE TEMPERATURE SENSOR 


FEATURES 

■ 2 kV ESD Protection on All Pins 

■ On-Chip Temperature Sensing 

■ Replaces Mechanical Thermostats and Switches 

■ TO-220 package for "Hot Spot" Mounting 

■ TO-92 Package for Direct Circuit Board Mounting 

■ ±3°C Absolute Temperature Accuracy 

■ 10 mA Output Signal TO-92 Package 

■ 50 mA Output Signal TO-220 Package 

APPLICATIONS 

■ System Overtemperature Shutdown 

■ Advanced Thermal Warning 

■ Fan Speed Control Circuits 

■ Vibration-Immune Temperature Sensing 

■ Accurate Appliance Temperature Sensing 


GENERAL DESCRIPTION 

The TC626 is a solid-state temperature sensor de¬ 
signed to replace mechanical switches in temperature¬ 
sensing applications. The ambient temperature is sensed 
and compared to an internal programmed temperature. The 
preset internal temperatures can be ordered in 5°C incre¬ 
ments, from 0°C to +125°C. 

Our proprietary technology provides high, absolute tem¬ 
perature accuracy (±3°C). Since there are no moving parts, 
the TC626 is rugged and works well In harsh environments 
that could damage and reduce the life of mechanical tem¬ 
perature sensors. Automotive and industrial users will benefit 
from its immunity to vibration. 

DESIGN PARAMETERS 

The output will remain low until the internally pro¬ 
grammed temperature is reached. The device then switches 
its output high. This output signal can source and sink up to 
10 mA (TO-92 package) and 50 mA (TO-220 package). 

The heat-sinking ability of the surface to which the 
device is attached can permit higher power applications 
since the internal heating of the device will be negligible 
compared to the ambient temperature. 

The hysteresis of the TC626 is 5 degrees at 20°C. At 
higher temperatures, it increases. 


PIN CONFIGURATIONS 


TO-220 


O 


TO-92 


1 23 


1 2 3 


1 = OUTPUT 

2 = Vpp (CASE) 
3=GROUND 


SYSTEM OVERTEMPERATURE 
PROTECTION 



1112-1 (4368) 
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SOLID-STATE 
TEMPERATURE SENSOR 


TC626 


ORDERING INFORMATION 


Part Number* 

Package 

Temperature 

Range 

TC626XXXCAB 

3-Pin TO-220 

0°C to +70''C 

TC626XXXEAB 

3-Pin TO-220 

-40°C1o+85°C 

TC626XXXVAB 

3-Pin TO-220 

^0°C to +125°C 

TC626XXXCZB 

3-Pin TO-92 

0°C to +70“C 

TC626XXXEZB 

3-Pin TO-92 

-40°C to +85''C 

TC626XXXVZB 

3-Pin TO-92 

-40''C to +125°C 


* XXX is temperature in 5°C increments, from 0 to +125°C (a 50°C part 
would be TC626050CAB). 


ELECTRICAL CHARACTERISTICS: Vdd = +5V unless otherwise specified. 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Supply Voltage 

4.5 

— 

18 

V 

Supply Current 

— 

300 

600 

pA 

Output Resistance 

Output High or Low 

— 


75 

W 

Output Current 

Source/Sink, Vcc = 18V 

— 

-- 

25 

mA 

Source/Sink, Vcc = 4.5V 

— 

— 

10 

mA 

Absolute Accuracy 

T-3 

T 

T-h3 

“C 

Differential 

3.5 

5 

6.5 

°C 


Teledyne Components reserves the right to make changes in the circuitry or specifications detailed in this manual at any time without notice. Minimums 
and maximums are guaranteed. All other specifications are intended as guidelines only. Teledyne Components assumes no responsibility for the use of 
any circuits described herein and makes no representations that they are free from patent infringement. 

SWITCHING LOGIC 
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^N^TELEDYNE 

COMPONENTS 


TC675 

TC676 


FAST NiCAD/Ni-HYDRIDE BATTERY CHARGER 


FEATURES 


APPLICATIONS 


■ Fast Charge Cycle 

■ Automatic Overcharge Protection 

■ Fail Safe Fast Charge Shut-Off 

■ Programmable Min/Max Ambient Limits 

■ Selectable Charge Rate 

■ Automatic Trickle Charge 

■ Forced Trickle Charge {TC675) 

■ Timer Reset Pin (TC676) 

■ Safety Features 

■ Temperature Controlled Shut-Off 

■ Time Controlled Shut-Off 

■ Dual Mode Automatic Shut-Off 

■ Automatic Battery Insertion Detector 


FUNCTIONAL BLOCK DIAGRAM 


■ Battery Powered Applications 
—Power Tools 

—Laptop/Notebook Computers 
—Medical 

—Emergency Lighting Systems 
—Communications 
—Cellular Phones/Mobile Radio 
—Portable Instruments 

GENERAL DESCRIPTION 

The TC675 and TC676 are designed for use with both 
NiCad and NiHydride batteries. These two devices meet the 
needs of the system designer whose battery charge appli¬ 
cations require fast, reliable, and safe design. 

The many automatic, programmable and selectable 
features of these devices provide capabilities found only in 
more expensive implementations. This, combined with in¬ 
herent device capability of use in both AC or DC power 
sources, provide a flexible cost-effective solution to battery 
recharge maintenance. 


f 


^MAX '^HIGH f^LOW 


Tbat 


->}- 



► TO INTERNAL CIRCUITRY (Vjjq) 


1 \/^ LIMIT 

1 high 

LOGIC 

CONTROL 

1 P^ELTA 



^ HALF TRICKLE 


, FULL TRICKLE 


. HALF CHARGE 


, FULL CHARGE 






19 BIT COUNTER 
TIMER 




1_ BATTERY 
DETECT 


- TRICKLE/RESET * 

- CHARGE RATE 


NOTE: PIN NUMBERS REFER TO 14-PIN DIP 


‘ TC675 TRICKLE','V —TRICKLE-CHARGE 
TC676 ‘RESET’, 'O’ — FAST-CHARGE 


1113-1 (4367) 
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FAST NiCAD/Ni-HYDRIDE 
BATTERY CHARGER 


TC675 

TC676 


ORDERING INFORMATION 

Part No. 

Package 

Operating 
Temp Range 

TC675CPD 

TC675EPD 

14-Pin Plastic DIP 
14-Pin Plastic DIP 

O^C to +70°C 
-40°C to +85°C 

TC675MJD 

14-Pin Ceramic DIP 

-55°C to -f125°C 

TC675COE 

16-Pin Plastic SOIC 

0°C to +7000 

TC676CPD 

TC676EPD 

14-Pin Plastic DIP 
14-Pin Plastic DIP 

0°C to +70^C 
-40X to +85°C 

TC676MJD 

14-Pin Ceramic DIP 

-SS'C to +125°C 

TC676COE 

16-Pin Plastic SOIC 

O^C to +70°C 


ABSOLUTE MAXIMUM RATINGS 


Power Dissipation 

Plastic...1000 mW 

Ceramic.800 mW 

Derating Factors 

Plastic.8 mW/°C 

Ceramic.6.4 mW/°C 

Operating Temperature 

M Version...-55°C to +125X 

E Version.-40°C to +85°C 

C Version...0°C to +70°C 

Storage Temperature.-65°C to +150°C 

Lead Temperature (10 sec).+300°C 

Max Zener Current (I in) .50 mA 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
pemianent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the Operational Specifications is not implied. Any 
exposure to Absolute Maximum Rating Conditions may affect device 
reliability. 


OPERATIONAL SPECIFICATIONS: unless otherwise specified Ta = +25"’C; Is = 6 mA. 



Supply 


Is 

Supply Current 

(thru current limit resistor) 1 

6 

30 

mA 

Vz 

Zener Clamp Voltage 

I 2 = 6 mA 6 

6.3 

7 

V 

Rz 

Zener Output Resistance 

Iz = 10 mA to 30 mA — 

10 

20 

Q 

Vdd 

DC Input on Vreg 

V|N Open 4 

5 

6 

V 

Idd 

Internal Circuit Current 

Vdd (Vreg) = 5V - 

0.3 

1 

mA 

Regulator 

Vreg 

Regulated Output 

Ireg = 5 mA 5 

— 

6 

1 V 

Rreg 

Vreg Output Resistance 

Ireg = 0 mA to 5 mA — 

38 

45 

Q 


Switch Resistance (rps ON) 


RSWmax 

MAX Switch 


— 

200 

Q 

RSWhigh 

HIGH Switch 

— 

— 

450 

Q 

RSWlow 

LOW Switch 

— 

— 

350 

Q 

RSWdelta 

DELTA Switch 

— 

— 

300 

n 

RSWled 

LED Drive 

— 

— 

80 

C 


Threshold Voltage Tolerance 


SVmax 

MAX 

2/3 Vreg 

— 

±4 

±10 

% 

SVrigh 

HIGH 

1/2 Vreg 

— 

±4 

±10 

% 

SVlow 

LOW 

1/3 Vreg 

— 

±4 

±10 

% 

SVdelta 

DELTA 

1/6 Vreg 

— 

±4 

±10 

% 

TC6V 

Threshold Voltage Temp Coefficient 

— 

±0.01 

±0.1 

%/®C 
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FAST NiCAD/Ni-HYDRIDE 
BATTERY CHARGER 


TC675 

TC676 


OPERATIONAL SPECIFICATIONS (Cont): unless otherwise specified Ta = +25°C; Is = 6 mA. 


Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Unit 

Output 

IohG 

SCR Gate Drive Source 


— 

5 

— 

mA 

IolG 

SCR Gate Drive Sink 


— 

3 

— 

mA 

VolL 

LED Low Output Voltage 

IolL= 10 mA 

— 

— 

0.8 

V 

Digital Input 

IilCR 

CHARGE RATE Pull-up Current 

— 

— 

10 

pA 

IihTR 

TRICKLE/RESET Pull-down Current 

— 

— 

25 

pA 

IilBD 

BATTERY DETECT Pull-up Current 

— 

— 

20 

pA 

ELECTRICAL CHARACTERISTICS: unless otherwise specified Ta = 

= Operating Temperature Range; Is = 6 mA. 

Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Unit 

Supply 

Is 

Supply Current 

(thru current limit resistor) 

1.2 

6 

30 

mA 

Vz 

Zener Clamp Voltage 

Iz = 6 mA 

5.5 


7.5 

V 

Rz 

Zener Output Resistance 

Iz = 10 mA to 30 mA 

— 

— 

25 

n 

Vdd 

DC Input on Vreg 

V|N Open 

4 

5 

6 

V 

Idd 

Internal Circuit Current 

Vdd (Vreg) = 5V 

— 

0.5 

1.2 

mA 

Regulator 

Vreg 

Regulated Output 

Ireg = 0 mA to 5 mA 

4.8 

— 

7 

V 

Rreg 

Vreg Output Resistance 

Ireg = 5 mA 

— 

45 

60 

Q. 

Switch Resistance (rps ON) 

RSWmax 

MAX Switch 


— 

— 

260 

Q. 

RSWhigh 

HIGH Switch 


— 

— 

510 

a 

RSWlow 

LOW Switch 


— 

— 

410 

a 

RSWdelta 

DELTA Switch 


— 

— 

360 

Q 

RSWled 

LED Drive 


— 

— 

100 

a 

Threshold Voltage Tolerance 

SVmax 

MAX 

2/3 Vreg 

— 

— 

±10 

% 

SVrigh 

HIGH 

1/2 Vreg 

— 

— 

±10 

% 

6Vlow 

LOW 

1/3 Vreg 

— 

— 

±10 

% 

SVdelta 

DELTA 

1/6 Vreg 

— 

— 

±10 

% 

TC5V 

Threshold Voltage Temp Coefficient j 

— 

— 

0.1 

%/^c 

Output 

IohG 

SCR Gate Drive Source 


— 

5 

— 

mA 

IolG 

SCR Gate Drive Sink 


— 

3 

— 

mA 

VolL 

LED Low Output Voltage 

IqlL =10 mA 

— 

— 

1 

V 

Digital Input 

IilCR 

CHARGE RATE Pull-up Current 

— 

— 

15 

pA 

IihTR 

TRICKLE/RESET Pull-down Current 


— 

35 

pA 

IilBD 

BATTERY DETECT Pull-up Current 

— 

— 

25 

pA 
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FAST NiCAD/Ni-HYDRIDE 
BATTERY CHARGER 


TC675 

TC676 


TIMER-COUNTER 


Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Unit 


Charge Time Counter 

(1.517 Hr @ 120 Hz) 

— 

655360 


Counts 


Delay Time Counter 

(1.07 Min @ 120 Hz) 

— 

7680 

— 

Counts 


DEVICE OPERATION 

(All pin numbers refer to the 14-pin dip package) 

Temperature Control 

Safety is critical in charging NiCad/Ni-Hydride batteries 
because a fast-charge applied under the wrong conditions 
may cause severe damage to the battery and it’s sur¬ 
roundings. The battery temperature is monitored by an 
external thermistor and the controller will not allow the 
battery to start a fast-charge cycle while the battery tem¬ 
perature is too hot or too cold. A NiCad/Ni-HydrIde battery 
tends to warm up during a fast-charge cycle so a temperature 
that was too high to allow the charging to start may not be too 
high to allow the charging to continue. Another temperature 
threshold causes the charger to stop the fast-charge cycle 
as soon as the battery temperature gets too high. 

A charger may also be required to work In cold ambient 
temperatures. The preprogrammed absolute maximum 
charging temperature may be too high for these conditions 
so a separate ‘delta’ temperature may be used. This will stop 
the fast-charge cycle if the battery temperature exceeds the 
ambient temperature by a predetermined amount. This 
option requires a second thermistor to monitor the ambient 
temperature. 


Time Control 

The TC675 and TC676 both use an on-board timer- 
counter which limits the maximum duration of the fast- 
charge cycle to 1.5 hours (1,8 hrs @ 50 Hz AC power). There 
Is also a time delay of 60 seconds (77 sec @ 50 Hz AC 
power) before starting a fast-charge cycle. This delay gives 
the battery temperature sensor time to stabilize. 

The counters are clocked by the full-wave rectified AC 
input. This clock rate is divided by 655,360 to time out the 
1.517 hour (1.82 hrs @ 50 Hz AC power) maximum for the 
fast-charge cycle. A faster or slower clock may be used to 
modify the timing. 

Full-Charge or Half-Charge Option 

Both the TC675 and TC676 have a half-charge selec¬ 
tion option. The CHARGE RATE input has an internal pull- 
up to select the full-charge mode (7/8 duty cycle). A low on 
this pin will select the half-charge mode (7/16 duty cycle). 
This input may be selected or toggled anytime during a fast- 
charge cycle without effecting the time-out sequence. 

Trickle-Charge 

The trickle-charge mode of the TC675 and the TC676 
runs at «7% of the fast-charge mode (1 /16 duty cycle for full- 
charge and 1 /32 duty cycle for half-charge) and Is the default 
mode whenever the fast-charge cycle Is not running. 


PIN CONFIGURATIONS 


14-Pin DIP 



V|N 

CHARGE RATE 
TRICKLE/RESET 
f^DELTA 
Rlow 

*^BAT 

f^MAX 


16-Pin SOIC 



V|N 

CHARGE RATE 

TRICKLE/RESET 

N/C 

N/C 

^DELTA 

^LOW 

^BAT 


4367 ILL F02 
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FAST NiCAD/Ni-HYDRIDE 
BATTERY CHARGER 


TC675 

TC676 


TRICKLE/RESET (PIN 12) 

The only difference between the TC675 and the TC676 
is the operation of the input on pin 12. 

On the TC675 (pin 12 = TRICKLE), a high (Vdd) on this 
pin will hold the charger In the trickle-charge mode. The 
internal timer will continue to count down. If the timer hasn’t 
timed out, the charger will go back to the full-charge mode 
if this pin is returned to low (OV). 

On the TC676 (pin 12 =‘RESET’), low transition (Vdd to 
OV) on this pin will reset the timer and initialize a fast-charge 
cycle. 

BATTERY SENSE (PIN 4) 

This input is internally pulled up to about 1 volt. It is 
designed to be capacitively coupled to the cathode of the 
SCR (the positive terminal of the battery). Without a battery 
present, the pulses from the full-wave rectified AC signal are 
coupled by a bypass resistoraround the SCR into the battery 
input through the capacitor. This produces a zero-crossing 
waveform at the battery pin which Is interpreted as a ‘no 
battery’ condition. The presence of a battery will prevent 
these zero-crossings and the TC675/TC676 can begin a 
charge sequence. 

Some battery packs contain a diode in series with the 
cells for safety purposes. This diode may prevent the battery 
from clamping the waveform to prevent zero-crossings. The 
auxiliary detect circuitry should be added to cause the diode, 
if present, to forward bias, which will then clamp the wave¬ 
form to prevent zero-crossings and will indicate the pres¬ 
ence of the battery. 

CLOCK IN (PIN 6) 

This Input accepts the rectified AC signal and uses the 
pulses to establish timing. The waveform must reach zero 
volts during the pulse off time for accurate timing. Noise on 
this line could cause false clock triggering which can be 
prevented by placing a 0.01 pF capacitor from pin 6 to 
ground. This input is internally clamped to the Vdd (Vdd) 
potential («6V). A current limiting resistor must be used to 
connect the rectified AC signal. 

SCR DRIVE (PIN 3) 

A 1.5 kHz pulse is the output on this pin which turns on 
the SCR during each cycle of the rectified AC waveform. 
This signal should be capacitively coupled to the gate of the 
SCR. A 0.01 pF capacitor will effectively turn on the SCR 
and block any DC component. 

CHARGE RATE (PIN 13) 

This input has an internal pull-up which selects the 


normal-charge mode as default. A low on this pin will select 
1/2 the current charge rate, i. e. if the charger is In full-charge 
then a low on pin 13 will select 1/2 full-charge, if the charger 
is in trickle-charge then 1/2 trickle-charge Is selected. 

LED OUTPUT (PIN 2) 

This pin has a pull-down resistor to ground. With power 
applied and no battery installed, and during the 1 minute 
start delay, the transistor is on steady. The output will toggle 
at a 3 Hz rate during a fast-charge cycle. The output will stay 
on steady during the trickle-charge mode. 

CONTROL TEMPERATURE 

Each control temperature has a unique voltage thresh¬ 
old which is derived as a ratio of an Internal, zener generated 
reference voltage (Vreg)- 

Tmax (SVmax = 2/3 Vreg) 

the charger will stop the fast-charge mode If the 
battery temperature reaches this value. 

Thigh (SVhigh = 1/2 Vreg) 

the charger will not start the fast-charge mode if the 
battery temperature is above this value. 

Tlow (5Vlow = 1/3 Vreg) 

the charger will not start the fast-charge mode If the 
battery temperature is below this value. 

Tdelta (5Vdelta = 1/6 Vreg) 

the charger will stop the fast-charge mode if the 
battery temperature exceeds the ambient tempera¬ 
ture by this value. 

THERMISTOR TEMPERATURE SENSOR 

A common type of thermistor for this application is a 
negative-temperature-coefficient (NTC) with a relatively high 
resistance ratio. Some examples of this type are KC009-ND, 
KC020-ND or RL1006-53 from Keystone. 

Thermistor Characteristics 

The transfer function (Resistance vs. Temperature) of a 
normal NTC thermistor takes the form: 

In Rt = Ao + Ai/T + A 2 /T 2 = ... + An/T^ (T in °Kelvin) 
The first three terms of this equation are sufficient to give 
a fit of better than ±0.01 °C. The coefficients may be deter¬ 
mined by setting up 3 simultaneous equations based on 3 
known points. 

The following calculations are based on a typical NTC 
thermistor (Keystone RL1006-53.4K-140-D1) with resis¬ 
tance values of 48.15 kn at 40°C (313.15°K), 100 k^2 at 25°C 
(298.15 K) and 221.8 kn at 10°C (282.15°K). 
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TC676 


1 St point: 

In (48150) = Ao + Ai/313.15 + A 2 / 313.152 

2nd point: 

In (100000) = Ao + Ai/298.15 + A2/298.152 

3rd point: 

In (221800) = Ao + Ai/283.15 + A2/283.152 

Solving these three equations for 
Ao, Ai and A 2 yields: 

Rt = Irr’ (-5.825 + 5821/T -194235/1®) 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 


SETTING UP THE 
CONTROL TEMPERATURES 

Assume an application which requires that the battery 
charger not start while the battery temperature is below 
20°C (Tlow) or above 30®C (Thigh)- Also assume that the 
battery should stop charging if it’s temperature gets up to 
either 40°C (Tmax) or 20°C (Tdelta) above an ambient 
temperature of 15°C (Tamb)- 

The control temperatures are programmed as a function 
of the resistance value of the battery temperature thermistor 
(RbatT) when it is at the temperature to be programmed (T) 
and the threshold voltage ratio (6Vx). 

The form of the equation to determine the values of 
Rlow, Rhigh and Rmax is as follows: 

Rx = EbaiI- RbatT 
Wx 

where RbatT is the resistance of the 
battery thermistor at temperature T 
connected to pin 9. 

Rmax (pin 8): 

Tmax = 40°C, 5Vmax = 2/3, Rbat 40 = 48.1 k, 

Rmax= ^bat40 _ Rbat 40 =48JJ< _ 43.1 k = 24k 
cVmax 2/3 


Rhigh (pin 7): 

Thigh = 30°C, 5Vhigh = 1/2, Rbat 30 = 77.8k, 

Rhigh=Sbaj^O _ = ZZJk _ 77 sk = 77.8k 

SVhigh 1/2 

Rlow (pin 10): 

Tlow = 20°C, 8Vlow = 1/3, Rbat20 = 129.4k, 

Rlow = Bbat^ _ Rbat20 = 22iM. -129.4k = 268.8k 
SVlow 1/3 


Rdelta(PINII) 


A second thermistor can be used to modify the battery 
temperature shutdown point as a function of the ambient 
temperature. A ‘delta’ temperature may be set up to limit the 
battery temperature to some value above ambient. This 
value is called Tdelta and the ambient temperature that it 
works against is called Tamb- 

This control is very important for applications which are 
required to work over a wide range of ambient temperatures. 
Once a T delta value has been set up to work at some Tamb 
then the Tdelta will change inversely proportional to Tamb- 
This means that as the ambient temperature goes up, the 
trip point goes up at an ever decreasing rate because Tdelta 
goes down. 

The form of the equation to determine the values of 
Rdelta is different than the ones for the other temperature 
control resistors because two thermistors are used. If the 
same thermistor type is used for monitoring the ambient 
temperature as is used to monitor the battery temperature 
then the value of Rdelta, based on the above example, is 
calculated thus: 


Tdelta = 20°C, Tamb = 1 5°C, 

Tbat = Tamb + Tdelta = 35°C, 6Vdelta = 1/6, 


Rdelta = — - Rbat35 - RambI 5 = 
cK/delta 

^ - 61 k -1 68.7k = 1 97.3k 
1/6 
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TYPICAL APPLICATION 



IMPORTANT NOTE: THE TC675 AND TC676 WILL MONITOR THE CHARGE TIME AND THE BATTERY TEMPERATURE 
BUT DOES NOT CONTROL THE CHARGING CURRENT. THE DESIGNER MUST LIMIT THE CHARGE CURRENT TO THE 
BATTERY BASED ON THE APPROPRIATE HATE FOR THE TYPE AND NUMBER OF CELLS IN THE NICAD/NI-HYDRIDE 
BATTERY TO BE CHARGED. EXCEEDING THE BATTERY MANUFACTURER’S MAXIMUM CHARGE CURRENT CAN 
RESULT IN DEGRADED PERFORMANCE OR EVEN CATASTROPHIC FAILURE. 

CHARGING CURRENT CAN BE LIMITED WITH A RESISTOR, AS SHOWN, OR BY MATCHING THE MAXIMUM TRANS¬ 
FORMER OUTPUT CURRENT TO THE BATTERY CHARGING RATE. 


4367 ILL F03 


CHARGING NiCAD BATTERIES 
FROM A DC SOURCE 

The TC675 and TC676 are designed to control the 
charging of NiCad/Ni-Hydride batteries from a self-clocking, 
self-commutating power source (full-wave rectified, unfiltered 
50/60 Hz AC power). Some applications may require that 
the NiCad be charged from a DC power source, i. e. battery- 
to-battery. 

When a DC power source is used, the application must 
provide clock pulse to CLOCK IN (pin 6) to control the timing 
and a pulse train to BATTERY DETECT (pin 4) whenever a 
battery is NOT present. This pulse train should be modified 


by the presence of a battery such that it does not provide 
zero-crossings on pin 6. 

A SET/RESET latch may be controlled by the SCR 
DRIVE output (pin 3) and the timing clock (pin 6) which can 
then mediate the charge current to the battery. 

DC voltage may be supplied directly to the internal 
circuitry through pin 5. Under these conditions, Vreg becomes 
Vdd and must be at least 4 volts and no greater than 6 volts. 
The internal circuitry will take about 300 pA (1 mA max) and 
the V|N input (pin 14) should be left open. 
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^^^^TELEDYNE 

COMPONENTS 


TC170 


CMOS CURRENT-MODE PWM CONTROLLER 

FEATURES 


■ Low Supply Current With ■ 

CMOS Technology.3.8 mA Max ■ 

■ Current-Mode Control ■ 

■ internal Reference...5.1V ■ 

■ Fast Rise/Fall Times (Cl = 1000 pF).50 ns ■ 

■ Dual Push-Pull Outputs ■ 

■ Direct-Power MOSFET Drive ■ 

■ High Totem-Pole Output Drive.300 mA ■ 


■ Differential Current-Sense Amplifier 

■ Programmable Current Limit 


Soft-Start Operation 
Double-Pulse Suppression 
Undervoltage Lockout 

Wide Supply Voltage Operation.8V to 16V 

High Frequency Operation.200 kHz 

Plastic and CerDIP Packages 


Available with Low OFF State Outputs 

Low Power, Pin-Compatible Replacement for 

UC3846 


BLOCK DIAGRAM 


''REF 
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CMOS CURRENT-MODE 
PWM CONTROLLER 


TC170 


GENERAL DESCRIPTION 

The TC170 brings low-power CMOS technology to the 
current-mode-switching power supply controller market. 
Maximum supply current is 3.8 mA. Bipolar current-mode 
control integrated circuits require five times more operating 
current. Low power supply current eliminates auxiliary power 
transformers. In off-line powering schemes, where a simple 
zener diode circuit provides device supply voltage, power 
dissipation is greatly reduced. CMOS technology decreases 
system cost. Increases power efficiency, reduces heat gen¬ 
eration, and increases total system reliability. 

The dual totem-pole CMOS outputs drive power 
MOSFETs or bipolar transistors. The 50-ns typical output 
rise and fall times, a 1000-pF capacitive loads, minimize 
MOSFET power dissipation. Output peak current is 300 mA. 

The TC170 contains a full array of system-protection 
circuits. The undervoltage lockout circuit forces outputs 
OFF if the supply voltage drops below 7V. A soft-start 
feature is also available. The soft-start option forces the 
PWM outputs to initially operate at a minimum duty cycle 
and low peak output current. The TC170 can be directly 
turned off through a remote-shutdown control pin. The 
shutdown mode can be latched (power must be turned off 
to restart system) or nonlatched. The soft-start feature can 
also be used in system-shutdown applications. Double¬ 
output pulse suppression guarantees output drive pulses 
always alternate from one output driver to the other. Peak 
current is user-adjustable. 

Current-mode control lets users parallel power supply 
modules. Two or more TC170 controllers can be slaved 
together for parallel operation. Circuits can operate from a 
master TCI 70 internal oscillator or an external system 
oscillator. 

The TC170 operates from an 8V to 16V power supply. 
An internal 2%, 5.1V reference minimizes external compo¬ 
nent count. The TCI 70 is pin compatible with the Unitrode 
UC1846/2846/3846 bipolar controller. 

Other advantages inherent in current-mode control in¬ 
clude superior line and load regulation and automatic sym¬ 
metry correction in push-pull converters. 


ORDERING INFORMATION 


Part No. 

Package 

Operating 

Temperature 

Range 

TC170CPE 

16-Pin Plastic DIP 

0 °C to +70°C 

TC170IJE 

16-Pin CerDIP 

-25''C to +85°C 

TC170MJE 

16-Pin CerDIP 

-55°C to +125°C 

TC170COE 

16-Pin SO 

O^C to +70'‘C 

TC170EOE 

16-Pin SO 

-^0°C to +85^C 

TC170EPE 

16-Pin Plastic DIP 

0 °C to +70'’C 


PIN CONFIGURATION 


CURRENT LIMIT/ rr 
SOFT START Li 
VrefOUTU 
(-) CURRENT-SENSE fT 
INPUT Li 
(+) CURRENT-SENSE FT 
INPUT LI 

(+) ERROR AMP INPUT [T 
(-) ERROR AMP INPUT |T 
COMPENSATION [7 
Co [8 

• 

TC170 

TH SHUTDOWN 

H OUTPUTS 

Hvdd 

iUgnd 

u\ OUTPUT A 

SYNCHRONIZATION 

I]R0 

NOTE: Outputs low in "OFF" state. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage. 


.18V 

Output Voltage. 



Analog Inputs. 


.-0.3V to Vs + 0.3V 

Storage Temperature Range. 

.-65°C to -Hi SOX 

Lead Temperature (Soldering, 10 sec).+300°C 

Maximum Chip Temperature. 

.150°C 

CerDIP Package Thermal Resistance; 

0JA (Junction to Ambient). 

.lOS^CW 

0JC (Junction to Case). 

..60°C/W 

Plastic Package Thermal Resistance: 

0JA (Junction to Ambient). 

.140»C/W 

0JC (Junction to Case). 

Operating Temperature Range 

.70°C/W 

Commercial. 


.0°C to +70°C 

Industrial. 


.-25°C to +85'’C 

Military. 


.-55°Cto+125°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for 
extended periods may affect device reliability. 
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CMOS CURRENT-MODE 
PWM CONTROLLER 


TC170 


ELECTRICAL CHARACTERISTICS; Vin = 16V, Ro = 24 kil, Co = 1 nF, Ta = 25°C, unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Reference Voltage 

Vref 

Output Voltage 

louT = 1 mA 

5 

5.1 

5.3 

V 


Line Regulation 

ViN = 8Vto16V 


5 

15 

mV 


Load Regulation 

louT =1 mA to 10 mA 


13 

20 

mV 

Vrtc 

Temperature Coefficient 

Over Operating Temperature Range 


0.4 

0.5 

mV/“C 

Oscillator 

Oscillator Frequency 

35 

42 

46 

kHz 


Voltage Stability 

ViN = 8Vto16V 


1.1 

1.5 

%/V 


Temperature Stability 

Over Operating Temperature Range 


5 

10 

% 

Error Amplifier 

Vos 

Input Offset Voltage 




30 

mV 

Ib 

Input Bias Current 




1 

nA 

VcMRR 

Common-Mode Input Voltage 

V|N = 8Vto 16V 

0 


Vdd-2V 

V 

Avol 

Open-Loop Voltage Gain 

VouT =1V to 6V 

70 



dB 

BW 

Unity Gain Bandwidth 



1.2 


MHz 

CMRR 

Common-Mode Rejection Ratio 

VcMV OV to 14V 

60 


-j 

dB 

PSRR 

Power Supply Rejection Ratio 

V|N=8Vto16V 

60 



dB 

Current Sense Amplifier 


Amplifier Gain 

Pin 3 = 0V to 1.1V 

3 

3.15 

3.3 

V/V 


Maximum Differential Input Signal 

VpiN4 - Vp|N3 



<1.1 

V 

Common-Mode Input Voltage 

0 


Vdd-3V 

V 

Current Limit Adjust 

Current Limit Offset Voltage 

0.5 


1 

V 

Ib 

Input Bias Current 




1 

nA 

Shutdown Terminal 

Vtb 

Threshold Voltage 


0.3 

0.35 

0.4 

V 

Vin 

Input Voltage Range 


0 


Vdd 

V 

Minimum Latching Current at Pin 1 

125 



pA 

Maximum Nonlatching Current at Pin 1 



50 

pA 

Output Stage 

Vdd 

Output Voltage 

Pin 13 



Vdd 

V 

VoL 

Output Low Level 

lsiNK = 20mA 



0.4 

V 

VoL 

Output Low Level 

lsiNK= 100 mA 



2 

V 

VoH 

Output High Level 

IsouRCE = 20 mA 

Vdd-1V 



V 

VoL 

Output High Level 

IsouRCE = 100 mA 

Vdd-4V 



V 

tR 

Output Rise Time 

Cl= 1000pF 


50 

150 

ns 

tF 

Output Fall Time 

Cl= 1000pF 


50 

150 

ns 

Undervoltage Lockout 


Start-Up 

Threshold 

7.25 

7.7 

8.25 

V 

Threshold Hysteresis 1 

0.5 1 

0.75 

1 

V 

Supply 

Is Standby Supply Current 



2.7 

I 3.8 

I mA 
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CMOS CURRENT-MODE 
PWM CONTROLLER 


TC170 


Peak Current Limit Setup 

Resistors R1 and R2 at the current limit input (pin 1) set 
the TC170 peak current limit (Figure 1). The potential at pin 
1 is easily calculated: 


R1 should be selected first. The shutdown circuit fea¬ 
ture is not latched for (Vref - 0.35)/Rl <50 |xA and is 
latched for currents greater than 125 pA. 

The error amplifier output voltage is clamped from 
going above V1 through the limit buffer amplifier. Peak 
current is sensed by RS and amplified by the current 
amplifier which has a fixed gain of 3.15. 

IpCL. the peak current limit, is the current that causes 
the PWM comparator noninverting input to exceed VI; the 
potential at the inverting input. Once the comparator trip 
point is exceeded, both outputs are disabled. 

IpCL is easily calculated: 


The input pulse to pin 16 should be at least 500 ns wide 
and have an amplitude of at least IV in order to get the 
minimum propagation delay from Input to output. If these 
parameters are met, the delay should be less than 600 ns at 
25°C; however, the delay time will Increase as the device 
temperature rises. 

Soft Restart From Shutdown 

A soft restart can be programmed if nonlatched shut¬ 
down operation is used. 

A capacitor at pin 1 will cause a gradual increase in 
potential toward VI. When the voltage at pin 1 reaches 
0.75V, the PWM latch set input Is removed and the circuit 
establishes a regulated output voltage. The soft-start opera¬ 
tion forces the PWM output drivers to initially operate with 
minimum duty cycle and low peak currents. 

Even if a soft start Is not required, it is necessary to 
insert a capacitor between pin 1 and ground if the current II 
Is greater than 125 pA. This capacitor will prevent "noise 
triggering" of the latch, yet minimize the soft-start effect. 


VI - 0.75V 
3.15 (RS) 


where: 


VI =Vref 


R2 

R1 +R2 


Vref = Internal voltage reference = 5.1V 
3.15 = Gain of current-sense amplifier 
0.75V = Current limit offset 


Both driver outputs (pins 11 and 14) are OFF (low) when 
the peak current limit Is exceeded. When the sensed current 
goes below Ircl. the circuit operates normally. 


Soft-Start Power-Up 

During power-up, a capacitor at R1, R2 initiates a soft- 
start cycle. As the input voltage (pin 15) exceeds the 
undervoltage lockout potential (7.7V), Q4 is turned off, 
ending undervoltage lockout. Whenever the PWM com¬ 
parator inverting input is below 0.5V, both outputs are 
disabled. 

When the undervoltage lockout level is passed, the 
capacitor begins to charge. The PWM duty cycle increases 
until the operating output voltage is reached. Soft-start 
operation forces the PWM output drivers to initially operate 
with minimum duty cycle and low peak current. 


Output Shutdown 

The TCI 70 outputs can be turned off quickly through 
the shutdown input (pin 16). A signal greater than 350 mV 
at pin 16 forces the shutdown comparator output high. The 
PWM latch is held set, disabling the outputs. 

Q2 Is also turned on. If Vref/R 1 is greater than 125 pA, 
positive feedback through the lock-up amplifier and Q1 
keeps the inverting PWM comparator inverting input below 
0.75V. Q3 remains on even after the shutdown input signal 
is removed, because of the positive feedback. The state 
can be cleared only through a power-up cycle. Outputs will 
be disabled whenever the potential at pin 1 is below 0.75V. 

The shutdown terminal gives a fast, direct way to dis¬ 
able the TCI 70 output transistors. System protection and 
remote shutdown applications are possible. 


Current-Sense Amplifier 

The current-sense amplifier operates at a fixed gain of 
3.15. Maximum differential input voltage (Vpin 4 -Vpin 3 ) is 
1.1V. Common-mode input voltage range is OV to Vin - 3V. 

Resistive-sensing methods are shown in Figure 2. In 
Figure 2(A), a simple RC filter limits transient voltage spikes 
at pin 4, caused by external output transistor-collector 
capacitance. Transformer coupling (Figure 3) offers isola¬ 
tion and better power efficiency, but cost and complexity 
increase. 

In order to minimize the propagation delay from the input 
to the current amplifier to the output terminals, the current 
ramp should be in the order of 1 ps in width (min). Typical 
time delay values are in the 300 to 400 ns region at 25°C. 
The delay time increases with device temperature so that at 
50°C, the delay times may be increased by as much as 
100 ns. 


5-4 



CMOS CURRENT-MODE 
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TC170 


SWITCH 
LCURRENT 


X 3.15 CURRENT-SENSE 
AMPLIFIER 



Figure 1 R1 and R2 Set Maximum Peak Output Current 














CMOS CURRENT-MODE 
PWM CONTROLLER 


TC170 



Undervoltage Lockout 

The undervoltage lockout circuit forces the TC170 out¬ 
puts OFF (low) if the supply voltage is below 7.7V. Threshold 
hysteresis is 0.75V and guarantees clean, jitter-free turn-on 
and turn-off points. The hysteresis also reduces capacitive 
filtering requirements at the PWM controller supply Input 
(pin 15). 

Circuit Synchronization 

Current-mode-controlled power supplies can be oper¬ 
ated in parallel with a common load. Paralleled converters 
will equally share the load current. Voltage-mode control¬ 
lers unequally share the load current, decreasing system 
reliability. 

Two or more TCI 70 controllers can be slaved together 
for parallel operation. Circuits can operate from a master 
TCI 70 internal oscillator with an external driver (Figure 4). 
Devices can also be slaved to an external oscillator (Fig¬ 
ure 5). Disable internal slave device oscillators by grounding 
pin 8. Slave controllers derive an oscillator from the bidirec¬ 
tional synchronization output signal at pin 10. 

Pin 10 is bidirectional in that it is intended to be both a 
sync output and input. This is accomplished by making the 
output driver "weak." This is advantageous in that it elimi¬ 
nates an additional pin from the package but does not 
enable the device to directly drive another device. In order 
to make it an effective driver, a buffer is required (Figure 4). 
In order to use pin 10 as a sync input, it is necessary to 
overcome the internal driver. This requires a pulse with an 
amplitude equal to Vcc- Since Vcc must be above 8.25V 
for the undervoltage lockout to be disabled, a CMOS or 
open-collector TTL driver should be used. 



Figure 4 Master/Slave Parallel Operation 



Figure 5 External Clock Synchronization 
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CMOS CURRENT-MODE 
PWM CONTROLLER 


TCI 70 



Oscillator Frequency and Output Dead Time 

The oscillator frequency for Ro = 24 kQ and 
Co = 1000 pF is: 


Fo = 


1.27 

RqCo 


2800 ] Co 

Ro^CoJ Co+ 150x10-^2 


where: Ro = Oscillator Resistor (O) 

Co = Oscillator Capacitor (F) 
Fo = Oscillator Frequency (Hz) 


The oscillator resistor can range from 5 kQ to 50 kQ, 

Oscillator capacitor can range from 250 pF to 1000 pF. 
Figure 7 shows typical operation for various resistance and 
capacitance values. 

During transitions between the two outputs, simulta¬ 
neous conduction is prevented. Oscillator fall time controls 
the output off, or dead time (Figure 6). 

Dead time is approximately: 


Td = 


2000 [Co] 




0 20 40 60 80 100 120 140 160 180 200 

OSCILLATOR FREQUENCY (kHz) 


Figure 7 Oscillator Frequency vs Oscillator Resistance 

where: Ro = Oscillator Resistor (k^2) 

Co = Oscillator Capacitor (pF) 

Td = Output Dead Time (sec) 

Maximum possible duty cycle is set by the dead time. 
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TYPICAL CHARACTERISTIC CURVES 


Output Rise and Fall Times 



Output Rise and Fall Times 

















































^^N^TELEDYNE 

COMPONENTS 


TC172 

TC173 


BiCMOS CURRENT-MODE PWM CONTROLLER 


FEATURES 


GENERAL DESCRIPTION 


■ Low Power BiCMOS Construction 

■ Low Supply Current.1.5 mA Typ 

■ Wide Supply Voltage Operation.8V to 18V 

■ Latch-Up Immunity.500 mA on Outputs 

■ Inputs Will Withstand Neg Inputs to -5V 

■ High Output Drive.1.2A Peak 

■ Current Mode Control 

■ Fast Rise/Fall Times.60 ns @ 1000 pF 

■ High Frequency Operation.1MHz 

■ Clock Ramp Reset Current.2.5 mA ±10% 

■ Adjustable UV Lockout 

■ Adjustable UV Hysteresis 

■ Shutdown Pin Available 

■ UV Lockout Pin Available.30V Open Collector 

■ Duty Cycle Limited to.99% 

■ Soft-Start Duty Cycle Limit.49% 

■ Low Propagation Delay Current Amp 

to Output.140 ns Typ 

■ Low Propagation Delay Shutdown 

to Output.90 ns Typ 

■ 2kV ESD Protection 


The TCI 72/173 are current-mode BICMOS PWM con¬ 
trol ICs. With a low 1.5 mA supply current along with the high 
drive currents (1.2A typical), they provide a low-cost solution 
for many PWM needs, since they can be driven without a 50- 
60 Hz transformer and can directly drive MOSFETs up to 
Hex 3 size. 

The TCI 72/173 are based on the popular UC3842-type 
architecture, but are improved to bring out more control 
features to operate at higher frequency (1 MHz) and provide 
more output drive power. 

The TCI 72/173 add additional features. They come in 
a 16-pin package. The additional pins allow more functions: 
a linear timing ramp for the clock (instead of exponential), 
user-adjustable undervoltage start and hysteresis level, as 
well as separate output drive and control grounds. In addi¬ 
tion, the TCI 72/173 provides a separate shutdown pin for 
fast output shutdown, and an open-collector output pin that 
pulls low when the user-adjusted undervoltage lockout 
drops out. 


BLOCK DIAGRAM 



1015-1 (4342) 


















BiCMOS CURRENT-MODE 
PWM CONTROLLER 


TC172 

TC173 


ORDERING INFORMATION 


Part No. Package Temperature 

TC17*MJE 16-Pin CerDIP -55®Cto+125®C 

TCI 7*EOE 16-Pin SOIC Wide -40°C to +85°C 

TCI 7*EPE 16-Pin Plastic DIP -40'’C to +85‘»C 

TC17*EJE 16-Pin CerDIP -40‘’C to+85°C 

TC17*COE 16-Pin SOIC Wide O^’C to +70‘’C 

TCI 7*CPA 16-Pin Plastic DIP 0°C to +70‘’C 

* The last digit defines the specific device: 

172 — 99% duty cycle limit 

173 — 49% duty cycle limit 


ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for: 

-55°C < Ta < 125°C for TC172/173MXX 
-40''C < Ta < 85°C for TCI 72/173EXX 
O-C < Ta < 70°C for TCI 72/173CXX 
Vcc = 1 5V (Note 4); Rt = 1 0 kil; Ct = 330 pF 




TC172/173MXX 







TC172/173EXX 

TC172/173CXX 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Reference Section 

Output Voltage 

Tj = 25“C, lo = 1 mA 

4.95 

5 

5.05 

4.9 

5 

5.10 

V 

Line Regulation 

12< V|n< 18V, lo=5pA 


±3 

±10 


±3 

±10 

mV 

Load Regulation 

1 mA < lo ^ 11 mA 


±5 

±15 


±5 

±15 

mV 

Temperature Coefficient 

(Note 1) 


±0.25 

±0.5 


±0.25 

±0.5 

mV/'C 

Total Output Variation 

Line, Load, Temperature (Note 1) 

4.9 


5.1 

4.82 


5.18 

V 

Output Noise Voltage 

10Hz<f <10kHz, Ta = 25“C 
(Note 1) 

100 

100 

pV 

Long-Term Stability 

Ta= 125°C, 1000 Mrs. (Note 1) 

±0.5 

±0.5 

% 

Output Short Circuit 

-20 

-50 

-100 

1 -30 

-50 

-100 

mA 

Oscillator Section 

Initial Accuracy 

Tj = 25‘’C (Note 5) 

490 

520 

560 

490 

520 

560 

kHz 

Voltage Coefficient 

12 < Vcc ^ 18V 


0.2 

0.3 


0.2 

0.3 

%/V 

Temperature Coefficient 

Tmin ^ Ta < Tmax (Note 1) 


2 

3 


2 

3 

%/°C 

Amplitude 

VpiN 4 Peak-to-Peak 

2.45 

2.26 

2.85 

2.45 

2.65 

2.85 

V 

Maximum Frequency 

1 1 

1 1 

MHz 

Error Amp Section 

Input Offset Voltage 

VpiNi = 2.5V 


±15 

±50 


±15 

±50 

mV 

Input Bias Current 


0.3 

2 


0.3 

2 

N/A 

Avol 

2 < Vo < 4V 

70 

90 


70 

90 


dB 

Unity Gain Bandwidth 

(Note 1) 

650 

750 


650 

750 


MHz 

PSRR 

12 < Vcc ^ 18V 

80 

100 


80 

100 


dB 


PIN CONFIGURATION 


COMP [T 

rn 

H Vref 

UVLO [T 


i|] UVHI 

VpB II 


m ViN 

uv |T 


iU ^DD 

SHUT DN |T 

TCI 72 

iH OUT 

•sense 


Tl] GND 

Rt|T 


T3 OUTPUT GND 

CtH 


T] OUTPUT GND 



4342 ILL F02 
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BiCMOS CURRENT-MODE 
PWM CONTROLLER 


TC172 

TC173 


ELECTRICAL CHARACTERISTICS (Cont.) 




TCI72/173MXX 

TCI72/173EXX 

TCI 72/173CXX 


Parameter 

Test Conditions 

Min Typ Max 

Min Typ Max 

Units 


Error Amp Section (Cont.) 


Output Sink Current 

VpiN2 = 2.7V, VpiNi = 1.1V 

1.2 

1.5 


1.5 

1.7 


mA 

Output Source Current 

VpiN2 = 2.3V, VpiNi = 5V 

3 

3.4 


3.4 

4.2 


mA 

VouT High 

VpiN 2 = 2.3V, Rl = 10K to Ground 

5.8 

6 

6.5 

5.8 

6.0 

6.5 

V 

VouT Low 

VpiN 2 = 2.7V, Rl = 10K to Pin 8 

0.1 

0.7 

1.1 

0.1 

0.7 

1.1 

V 

Rise/Fall Response Time 

(Note 1) 


5 

7 


5 

7 

ps 

Current Sense Section 

Gain Ratio 

(Notes 2 and 3) 

2.8 

2.9 

3.1 

2.8 

2.9 

3.1 

VA/ 

Maximum Input Signal 

VpiNi = 5V (Note 2) 

0.85 

0.95 

1.05 

0.85 

0.95 

1.05 

V 

PSRR 

12 < Vcc 18 V (Note 2) 

70 

80 


70 

80 


dB 

Input Bias Current 


±0.3 

±2 


±0.3 

±2 

N/A 

Delay to Output 


140 

100 1 


140 

100 

ns 


Output Section 


RDSON 

IsiNK = 20 mA 


7 

15 

7 

15 

Cl 

RDSON 

•source = 20 mA 


11 

20 

11 

15 

a 

Rise Time 

Cl= 1 nF(Note 1) 


40 

60 

35 

60 

ns 

Fall Time 

Cl= 1 nF(Note 1) 


30 

40 

30 

40 

ns 

Cross Conduction 

Cl = 0 nF 

6.5 

6.5 

nc 

Vdd Maximum 

Pin 12 (Note 1) 

18 

18 

V 

Peak Output Current 

10,000 pF Load 

1 

1.2 

1.5 1 

1 1.1 1.2 

1.5 

A 


Undervoitage Lockout Section 


Start Threshold 

User Defined 

8 

18 

L_!_ 

18 

V 

Undervoitage Threshold 

User Defined 

8 

18 

8 

18 

V 


Undervoltage Indicator 

Pulldown Voltage 

Shutdown Section 


100 mV 


Minimum Shutdown Pulse Width 

100 

100 

ns 

Shutdown Delay 

100 

100 

ns 

Shutdown Threshold 

1.5 

1.5 

V 


PWM Section 


Maximum Duty Cycle 172 

95 97 100 

95 97 100 

% 

173 

46 48 50 

47 48 50 

% 

Minimum Duty Cycle 

0 

0 

% 


Total Standby Current 


Start-Up Current 


50 

170 

300 

50 

170 

300 

pA 

Operating Supply Current 

Vp|N2 = VpiN3 = OV 


1 

2 


1 

1.5 

mA 


NOTES: 1. These parameters, although guaranteed, are not 100% 
tested in production. 

2. Parameter measured at trip point of latch with Vpin 2 = 0 

3. Gain defined as: 

A = 4^’;0<VpiN3<0.8V 

AVp|N3 


4. Adjust Vcc above the start threshold before setting at 15V. 

5. Output frequency equals oscillator frequency for the TC172. Output 
frequency is one-half oscillator frequency for the TCI 73. 
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COMPONENTS 


TC15C25 TC15C27 

TC25C25 TC25C27 

TC35C25 TC35C27 


BiCMOS PWM CONTROLLERS 

FEATURES 

■ Low Power BiCMOS Construction 

■ Low Supply Current.1.0 mA Typ 

■ Latch Up Immunity.> 500 mA on Outputs 

■ Below Rail Input Protection.-5V 

■ High Output Drive.500 mA Peak 

■ Fast Rise/Fall Time.50 ns @ 1000 pF 

■ High Frequency Operation.Up To 1 MHz 


Tri-state Sync Pin For Easy Parallel Operation 

Undervoltage Hysterisis Guaranteed 

Shutdown Pin Available 

Double Ended 

Soft Start, With Small Cap 

Low Prop Delay Shutdown 

to Output.140 ns Typ 



FUNCTIONAL DIAGRAM 



1013-1 
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TC15C25 

TC25C25 

TC35C25 


TC15C27 

TC25C27 

TC35C27 


BiCMOS PWM CONTROLLERS 


GENERAL DESCRIPTION 

The TC35C25 and TC35C27 family of PWM controllers 
are CMOS implementations of the industry standard 3525 
and 3527 voltage mode SMPS ICs. 

These second generation CMOS devices employ 
Teledyne Components’ Tough BiCMOS™ process for latch- 
up proof operation. They offer much lower power consumption 
than any of their previous CMOS or bipolar counterparts. 

These controllers have separate supply pins for the 
control and output sections of the circuit. This allows 
‘bootstrap’ operation. The CMOS output stage allows the 
output voltage to swing to within 25 mV of either rail. 

Other improved features include tighter hysteresis and 
undervoltage start-up specifications over temperature, and 
very low input bias current on all inputs. 

OUTPUT SECTION 

The output stage of the TC35C25/27 is comprised of two 
pairs of complimentary CMOS drivers operating In a push- 
pull mode. Each output is capable of sinking or sourcing 
nearly 500 mA of peak current. They are also capable of 
absorbing just as much ‘kick-back’ current without latching. 

SOFT START 

A soft restart recovery rate may be selected by placing 
a capacitor from SOFT START (pin 8) to ground. The 
calculation for the recovery timing is approximately 
60 ms/|j.F. 

SOFT START will mediate the start-up from undervoltage 
recovery, power-on or SHUTDOWN. 

SHUTDOWN 

There is a minimum delay, non-latching shutdown feature 
on the TC35C25/27 PWM controller. Both outputs may be 
turned off by applying a positive voltage to SHUTDOWN (pin 
10). Returning the pin back to ground will reinitialize the soft 
start cycle. 

OSCILLATOR SECTION 

A tri-state feature has been added to accommodate 
systems which require multiple controllers to be run in a 
‘master/slave’ configuration. Thetiming resistor pin (Rj, pin 6) 
may be tied to Vref to place the sync pin (SYNC, pin 3) in a 
high impedance state. This will allow the chip to be clocked 
from an external source. 

The sync output (OSC OUT, pin 4) of the TC35C25 can 
drive several sync inputs configured in this manner. 


REPLACING BIPOLAR VERSIONS WITH CMOS 

Although the pin-out and functions are the same for both 
the Bipolarand CMOS versions, there are several differences 
that need to be taken into account. The reference voltage on 
the TC35C25/27 is 4V instead of 5V and the oscillator ramp 
is 3V, not 4V. The Rj and Cj values are different for any 
particular frequency and dead-time requirement. 

The most important difference is that the absolute 
maximum rating of the Vdd and V|n voltages for the 
TC35C25/27 is 18V, whereas the UC3525/27 is 40V. 


ORDERING INFORMATION 


Part No. 

Configuration 

Pkg./Temperature 

TC15C25MJE 

Non-Inverting 

16-Pin CerDlP 
-55to+125'>C 

TC15C27MJE 

Inverting 

16-Pin CerDlP 
-55to+125''C 

TC25C25EOE 

Non-Inverting 

16-Pin SOIC (wide) 
-40 to -f85°C 

TC25C25EPE 

Non-Inverting 

16-Pin Plastic DIP 
-40 to +85X 

TC25C27EOE 

Non-Inverting 

16-Pin SOIC (wide) 
-40 to +85°C 

TC25C27EPE 

Inverting 

16-Pin Plastic DIP 
-40 to +85°C 

TC35C25COE 

Non-Inverting 

16-Pin SOIC (wide) 
0 to +70°C 

TC35C25CPE 

Non-Inverting 

16-Pin Plastic DIP 

0 to +70°C 

TC35C27COE 

Inverting 

16-Pin SOIC (wide) 
0 to +70°C 

TC35C27CPE 

Inverting 

16-Pin Plastic DIP 

0 to +70°C 
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BiCMOS PWM CONTROLLERS 


TC15C27 

TC25C27 

TC35C27 


TC15C25 

TC25C25 

TC35C25 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.18V 

Maximum Chip Temperature.150°C 

Storage Temperature.-65°C to +150°C 

Lead Temperature (10 sec).SOO^C 

Package Thermal Resistance 

CerDip Rej-A.ISCC/W 

CerDip Rej^.SS'C/W 

PDIPRej-A.laS’C/W 

PDIP Rej-c.45'’CW 

sole Rej-A.aso'-c/w 

sole Rej-c.TS^C/W 


Operating Temperature 


15C2X.-550“ < Ta< +125'‘C 

25C2X.-40C“ S Ta S +85‘’C 

35C2X.0C° S Ta < +70»C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: unless otherwise specified Vin = Vdd = 16V, Ta = 25°C, Rj = 3.7 kQ, 
Rd = 760^2, Ct = 1000 pF; (See test circuit). 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Reference Section 

Output Voltage 

lo = 1 mA 

3.95 

4 

4.05 

V 

Line Regulation 

V|N = 8to 18V, (note 2) 

— 

±4 

±10 

mV 

Load Regulation 

Ij = 1 to 12 mA, (note 2) 

— 

±4 

±15 

mV 

Temperature Coefficient 

(notes 1,2) 

— 

±0.01 

±0.4 

rnVrC 

Vref 

Worst Case, (note 2) 

3.85 

4 

4.15 

V 

Long Term Drift 

(note 1) 

— 

±50 

— 

mV/1000 Hrs 

Short Circuit Current 

Vref to GND (note 2) 

20 

40 

70 

mA 

Output Noise 

10 Hz < f > 10 kHz, (note 1 ) 

— 

21 


pVRMS 

Oscillator 

Initial Accuracy 

@ 97 kHz 

— 

±2 

±3 

% 

Voltage Coefficient 

V|N = 8 to 18V, (note 2) 

— 

±0.01 

±0.1 

%/V 

Temperature Coefficient 

(notes 1, 2) 

— 

±0.025 

±0.06 

%1°C 

Osc Ramp Amplitude 

(note 2) 

2.9 

3.2 

3.4 

V 

Reset Switch Rds (on) j 

35 

50 

60 

Q 

Clock Amplitude 

fosc = 100 kHz, Rl = 1MQ, (notes 1,2) 

4.9 

5.5 

6.7 

V 

Clock Min Width 

Rd = on, (note 1) Ct= 100 pF, Rt= IO 

— 

170 

200 

ns 

Sync Threshold 

Rt pin tied to Vref, Oj pin at GND, 

(note 2) 

1.8 

2.2 

"-li—1 

V 

Sync Input Current 

Sync Voltage = 4V, V(Rt) = 4V (note 2 

— 

— 

±1 

pA 

Min Sync Pulse Width 

Sync Amplitude = 5V, (note 1) 

— 

130 

175 

ns 

Max Osc Freq 

Rt= 1 kQ, Ct= 100 pF, RD = 0a, 

(note 1) 

1.0 

— 

— 

MHz 

Error Amplifier (Vcm = 2.5V) 

Input Offset Voltage 

(note 2) 

— 

±5 

±15 

mV 

Input Bias Current 

— 

±50 

±200 

pA 

Input Offset Current 

— 

±25 

±100 

pA 

DC Open Loop Gain 

Rl= lOOkQ, (note 2) 

70 

85 

— 

dB 

Gain Bandwidth Product 

(note 1,2) 

0.7 

0.9 

1 

1.2 

MHz 

Output Low Level 

Rl = 100 kQ (N Channel), (note 2) 

— 

10 

20 

mV 

Output High Level 

Rl= 100 kQ(NPN), (note 2) 

4.9 

5.4 

5.9 

V 

CMRR 

Vcm = 0.5 to 4.7V, (note 2) 

60 

75 

— 

dB 
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BiCMOS PWM CONTROLLERS 


TC15C25 TC15C27 

TC25C25 TC25C27 

TC35C25 TC35C27 


ELECTRICAL CHARACTERISTICS (Cont): unless otherwise specified Vin = Vdd = 16V, Ta = 25°C, 
Rt = 3.7 kn, Rd = 760Q, Ct = 1000 pF; (See test circuit). 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Error Amplifier (Vcm = 2.5V) (Cont.) 

Supply Voltage Rejection 

V|N = 8to18V, (note 2) 

90 

120 

•— 

dB 

Slew Rate 

Cload = 50 pF, Acl = 1 

V(EA-i-) = 1V to 3V Pulse, (notes 1,2) 

— 

1 

— 

V/ixs 

PWM Comparator 

Min Duty Cycle 

(note 1) 

1 

— 

0 

% 

Max Duty Cycle 

tosc = 100 kHz, (note 1) 

45 

49 

_ 

% 

Input Threshold 

V(Ct) = 0.6V, (note 2) 

0.5 

0.6 

0.7 

V 

Input Threshold 

V(Ct) = 3.6V, (note 2) 

3.4 

3.6 

3.7 

V 

Input Bias Current 

(note 1) 

— 

— 

±1 

pA 

Soft Start Section 

Soft Start Current 

VsHUTDOWN = OV, (note 2) 

30 

46 

75 

pA 

Soft Start Voltage 

VsHUTDOWN = 3V, (note 2) 

— 

30 

100 

mV 

Shutdown Input Current 

VsHUTDOWN = 3V, (note 2) 

— 

±1 

±100 

nA 

Min Shutdown Pulse Width 

VsHUTDOWN = 5V Pulse, (notes 1,2) 

_ 

20 

40 

ns 

Shutdown Delay 

VsHUTDOWN = 5V Pulse, (notes 1, 2) 

130 

140 

220 

ns 

Shutdown Threshold 

1.5 

2.4 

3 

V 

Output Drivers (each output) (note 2) 

Output Low Level Rqs (on) 

Isink = 20 mA (note 2) 

— 

13 

25 

Q 

Output High Level Rds (ON) 

•source = 20 mA (note 2) 

— 

20 

35 

n 

Rise Time 

Cl = 1 nF, (notes 1,2) 

— 

55 

80 

ns 

Fall Time 

Cl= 1 nF, (notes 1,2) 

— 

40 

65 

ns 

Power Supply 

Supply Current 

fosc = 100 kHz (See Test Circuit) 

— 

1 

1.6 

mA 

UV Lockout Threshold 

(note 2) 

6.6 

7 

7.3 

V 

UV Lockout Hysteresis 

(note 2) 

1.7 

2.2 

2.5 

V 

Start-Up Current 

(note 2) 

_ 

75 

200 

pA 


NOTES: 1. Not tested. 

2. Guaranteed over operating temperature range. 

Teledyne Components reserves the right to make changes in the circuitry or specifications detailed in this manual at any time without notice. Minimums 
and maximums are guaranteed. All other specifications are intended as guidelines only. Teledyne Components assumes no responsibility for the use of 
any circuits described herein and makes no representations that they are free from patent infringement. 
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FoSC(kHz) 


BiCMOS PWM CONTROLLERS 

TC15C25 TC15C27 

TC25C25 TC25C27 

TC35C25 TC35C27 


PIN CONFIGURATIONS 



TYPICAL CHARACTERISTIC CURVES 

Oscillator Frequency Supply Current Dead Time 

vs. Cf and Rf vs. Frequency vs. Cf and Discharge Resistor 



Ct(pF) FREQUENCY (MHz) DISCHARGE RESISTOR (Q) 
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NOTES 



^A^TELEDYNE 

COMPONENTS 


TC18C42/3/4/5 

TC28C42/3/4/5 

TC38C42/3/4/5 


BiCMOS CURRENT MODE PWM CONTROLLER 


FEATURES 

■ Low Power BiCMOS Design 

■ Tough CMOS''''^ Construction 

■ Low Supply Current.1.0 mA Typ @100 kHz 

■ Wide Supply Voltage Operation.8V to 18V 

■ Latch-Up Immunity.500 mA on Outputs 

■ Input Will Withstand Negative Inputs to -5 Volts 

■ High Output Drive.0.7A Peak 

(1.2A on 14 and 16-Pin Versions) 


2 kV ESD Protection 
Current Mode Control 

Fast Rise/Fall Time (Max).60 ns @ 1000 pf 

High Frequency Operation.300 kHz 

Clock Ramp Reset Current.2.5 mA ±10% 

Low Propagation Delay Current Amp 

to Output.140 ns Typ 


Pin Compatible with UC3842/3843/3844/3845 



BLOCK DIAGRAM 


V,N Vref Rt'^T 



1016-1 
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BiCMOS CURRENT MODE 
PWM CONTROLLER 

TC18C42/3/4/5 

TC28C42/3/4/5 

TC38C42/3/4/5 


GENERAL DESCRIPTION 

The TC38C42/3/4/5 are current mode BiCMOS PWM 
control ICs. With a low 1.0 mA supply current along with the 
high drive currents {0.7A peak) they provide a low cost 
solution for a PWM that operates to 300 kHz and directly 
drives MOSFETs up to HEX 3 size. 

Performance of the oscillator and current sense ampli¬ 
fier have been greatly improved over previous bipolar ver¬ 
sions. Voltage and temperature stability have been im¬ 
proved by a factor of 3. Noise immunity (PSRR) has also 
been improved. These improvements make for a more 
reliable power system. 

Tough CMOS™ design and construction provide input 
and output latch protection, outstanding ESD tolerance, and 
high reliability manufacturing techniques and materials. 
Tough CMOS™ means high reliability. 

The TC38C42/3/4/5 are pin compatible with earlier 
bipolar versions so that designers can easily update older 
designs. Improvements have been added though. For ex¬ 
ample, clock ramp reset current is specified at 2.5 mA 
(±10%) for accurate deadtime control. A few component 
values must be changed (Rj & Cy) to use TC38C42 family 
in existing bipolar designs. 

The 14-pin DIP and 16-pln SO versions have separate 
and internally isolated grounds, and are rated for higher 
output current (1.2A). These separate grounds allow for 
‘bootstrap’ operation of the PWM to further improve effi¬ 
ciency. 

REFERENCE SECTION 

The reference is a zener based design with a buffer 
amplifier to drive the output. It Is unstable with capacitances 
between 0.01 |iF and 3.3 p.F. In a normal application a 4.7 pF 
Is used. In some lower noise layouts the capacitor can be 
eliminated entirely. 

The reference is active as soon as the 38C4X has 
power supplied. This is different than its bipolar counter¬ 
parts, in that the bipolar reference comes on only after the 1C 
has come out of its under voltage mode. Thus, on the 
38C4X, the reference pin can not be used as a reset function 
such as on a soft start circuit. 

OSCILLATOR SECTION 

The oscillator frequency is set by the combination of a 
resistor from the reference to the Ry/Cy pin and by a ca¬ 
pacitor from this pin to ground. The oscillator is designed to 
have ramp amplitude from 0.15 to 2.5 volts. This Is approxi¬ 
mate, as over shoot on the oscillator comparator causes the 


ramp amplitude to increase with frequency due to compara¬ 
tor delay. Minimum values for Cy and Ry are 33 pF and 1 kn 
respectively. Maximum values are dependent on leakage 
currents in the capacitor, not on the Input currents to the 
Ry/Cy pin. 

Frequency of Operation 

The frequency of oscillation for the TC38C4X family is 
controlled by a resistor to Vref (Rt) and a capacitor to ground 
(Cy). Vref supplies current through the resistor and charges 
the capacitor until its voltage reaches the threshold of the 
upper comparator («2.5V). A 2.5 mA current is then applied 
to the capacitor to discharge it to near ground (==0.15V). The 
discharge current is then shut off and the cycle repeats. An 
approximate equation for the frequency of operation is; 

fo« —3— (Ry in Ohms and Cy in Farads) 

RyCy 

The value of Ry affects the discharge current and the 
upper and lower comparators each have delay. As Ry gets 
smaller and as the frequency of operation gets higher, the 
above equation falls apart. Figure 5 illustrates this effect. 

Dead Time 

The value of Ry has a effect on the discharge rate but the 
primary consideration is the value of Cy. The time required 
to discharge the capacitor is approximately 1000 Cy. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

TC18C**MJA 

8-pin CerDIP 

-55°C to +125°C 

TC18C**MJD 

14-pin CerDIP 

-SS'C to +125‘'C 

TC28C**EJA 

8-pin CerDIP 

-40°C to +85°C 

TC28C**EJD 

14-pin CerDIP 

-40°C to +85''C 

TC28C**EOE 

16-pln SOIC Wide 

-10°C to +85'’C 

TC28C**EPA 

8-pin Plastic DIP 

-40^C to -f85°C 

TC28C**EPD 

14-pin Plastic 

-40°C to -f85°C 

TC38C**COE 

16-pin SOIC Wide 

O^C to -f70'^C 

TC38C**CPA 

8-pin Plastic DIP 

O^C to +70'‘C 

TC38C**CPD 

14-pinPlastic 

0°C to +70'’C 


Duty Cycle Limitation 

Start-up Voltage 

99% 

49% 

14.5 V 

X8C42 

X8C44 

8.4 V 

X8C43 

X8C45 
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BiCMOS CURRENT MODE 
PWM CONTROLLER 


TC18C42/3/4/5 

TC28C42/3/4/5 

TC38C42/3/4/5 


PIN CONFIGURATIONS 



8-Pin DIP 


COMP [J2 


-- 

CPA 

H] ^REF 

VfbCE 


a 

'sense CH 

EJA 

EPA 

T] OUTPUT 

Rj/Ct [T 

MJA 

~T1 GND 


14-Pin DIP 


COMP [T 

o 

jUvref 

NC [Y 


lil NC 

VfbIIE 


JE V|N 

NC [Y 

CPD 

EPD 

H] ''dd 

'sense eh 

EJD 

MJD 

lol OUTPUT 

NC [Y 


T] GND 

Rt/Ct [T 


"F] POWER GND 


16-Pin so 


ncQH 



IF] NC 

z 

o 

R 



iH ^REF 

COMP \Y 



JH V|N 

H 

m 

Li. 

> 



H] ''dd 

'sense eh 


COE 

EOE 

lil OUTPUT 

Rt/Ct ( 6 



TT] GND 

NC \Y 



IF] POWER GND 

NC [Y 



FI NC 





ABSOLUTE MAXIMUM RATINGS 


Supply Voltage. 

Maximum Chip Temperature. 

Storage Temperature. 

Lead Temperature (10 sec)... 
Package Thermal Resistance 

CerDip Rej-A. 

CerDip Rej-c. 

PDIP Rej.A. 

PDIP Rej.c. 

SOIC Rej-A. 

SOIC Rej-c. 

Operating Temperature 

18C4X. 

28C4X. 

38C4X. 


.18V 

.150X 

.-65^C to +150®C 

.+300°C 

.150°C/W 

.55°C/W 

.125°C/W 

.45°C/W 

.250°C/W 

.75°C/W 

,-55C°<Ta<+125°C 
..-40C° < Ta <+85°C 
.0C° < Ta < +70°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
peimanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
tiiose indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


Package Power Dissipation 



AMBIENT TEMPERATURE (°C) 
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TC18C42/3/4/5 

TC28C42/3/4/5 

TC38C42/3/4/5 


BiCMOS CURRENT MODE 
PWM CONTROLLER 


ELECTRICAL CHARACTERISTICS: unless othenA/ise stated, these specifications apply over specified 
temperature range. V|n = Vqd = 15V; Rt= 71 kQ; Ct= 150 pF 



TC18C4X 

TC28C4X 

TC38C4X 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Reference Section 

Output Voltage 

Ta = 25°C, lo = 1 mA 

4.95 

5 

5.05 

4.90 

5 

5.10 

V 

Line Regulation 

9.5V<Vin<15V, Io= 1 mA 

— 

±3 

±10 

— 

±3 

±10 

mV 

Load Regulation 

1 mA < lo 11 mA 

— 

±5 

±15 

— 

±3 

±10 

mV 

Temp Stability 

(notel) 

— 

±0.25 

±0.5 

_ 

±0.25 

±0.5 

mV/'C 

Output Noise Voltage 

10 Hz < f < 10 kHz.TA = 25‘’C (note 1) 

I — 

100 

— 


100 

— 

pV(rms) 

Long Term Stability 

Ta= 125‘’C, 1000 Hrs. (note 1) 

— 

±0.5 

— 

— 

±0.5 

—■ 

% 

Output Short Circuit | 

-20 

-50 

-100 

-30 

-50 

-100 

mA 

Oscillator Section 

Initial Accuracy 

TA=25‘’C(note4) 

95 

100 

105 

95 

100 

105 

kHz 

Voltage Stability 

9.5V <V|N< 15V 

— 

±0.2 

±0.3 

— 

±0.2 

±0.3 

% 

Temp Stability 

Tmin^Ta<Tmax (note 1); Figure 2 

— 

±0.01 

±0.05 

— 

±0.01 

±0.03 

%/°C 

Clock Ramp Reset 

Rj/Cj pin at 4V 

2.25 

2.5 

2.75 

2.25 

2.5 

2.75 

mA 

Amplitude 

Rj/Cj pin peak to peak 

2.45 

2.65 

2.85 

2.45 

2.65 

2.85 

n/ 

Maximum Freq 

(notel) 

300 

— 

— 

300 

— 

— 

kHz 

Error Amp Section 

Input Offset Voltage 

V(coMP) = 2.5V 

— 

±15 

±50 

— 

±15 

±50 

mV 

Input Bias Current 

(note 1) 

— 

±0.3 

±2 

— 

±0.3 

±2 

nA 

Avol 

2V< Vo<4V 

70 

90 i 

— 

70 

90 

— 

dB 

Gain Bandwidth Product 

(note 1) 

650 

750 i 

— 

650 

750 

— 

kHz 

PSRR 

9.5V <V|N< 15V 

80 

100 

— 

80 

100 

— 

dB 

Output Sink Current 

VpB = 2.7V, V(coMP) = 1.1V (note 1) 

1.2 

1.5 

— 

1.5 

1.7 

— 

mA 

Output Source Current 

Vfb = 2.3V, V(coMP) = 5V (note 1) 

3 

3.4 

— 

3.9 

4.2 

— 

mA 

VouT High 

Vfb = 2.3V, Rl = 10k to ground 

5.8 1 

6 

6.5 

5.8 

6 

6.5 

V 

VouT Low 

Vfb = 2.7V, Rl = 10k to Vref 

0.1 ! 

0.7 

1.1 

0.1 

0.7 

1.1 

V 

Rise Response 

(note 1 ) 

— i 

5 

7 

— 

5 

7 

ps 

Fall Response 

(note 1 ) 

— i 

3 

5 

__ 

3 

5 

\iS 

Current Sense Section 

Gain Ratio 

(notes 2 & 3) 

2.8 

2.9 

3.1 

2.8 

2.9 

3.1 

VA/ 

Maximum Input Signal 

V(coMP) = 5V (note 2) 

0.85 

0.95 

1.05 

0.85 

0.95 

1.05 

V 

PSRR 

9.5V < V|N < 1 5V (notes 1, 2 & 5) 

70 

80 

— 

70 

80 

— 

dB 

Input Bias Current 

(note 1 ) 

— 

±0.3 

±2 

— 

±0.3 

±2 

nA 

Delay to Output 

V(Isense) = 1 V (note 1 ); Figure 3 

— 

140 

160 

— 

140 

150 

ns 

Output Section 

TdS (ON) 

Isink = 20 mA 

— 

7 

15 

— 

7 

15 

n 

ros (ON) 

IsouRCE = 20 mA 

— 

11 

20 

— 

11 

15 

D. 

Rise Time 

Cl= 1 nF (note 1) 

— 

40 

60 

— 

35 

60 

ns 

Fall Time 

Cl = 1 nF (note 1) 

— 

30 

40 

— 

30 

40 

ns 

Cross Conduction 

In coulombs (note 1) 

— 

6.5 

— 

— 

6.5 

— 

nC 

Vdd Max 

(note 1 ) 

— 

— 

18 

__ 

— 

18 

V 


5-22 



BiCMOS CURRENT MODE 
PWM CONTROLLER 


TC18C42/3/4/5 

TC28C42/3/4/5 

TC38C42/3/4/5 


ELECTRICAL CHARACTERISTICS (Cont): unless otherwise stated, these specifications apply over specified 
temperature range. Vin = Vdd= 15V; Rt= 71 kQ; Ct= 150 pF. 



TC18C4X 

TC28C4X 

TC38C4X 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Under Voltage Lockout Section 

Start Threshold 

X8C42/4 

14.1 

14.5 

14.9 

14.1 

14.5 

14.9 

V 

X8C43/5 I 

8 

8.4 

8.8 

8 

8.4 

8.8 

V 

Under Voltage Threshold 

X8C42/4 

8.6 

9 

9.4 

8.6 

9 

9.4 

V 

X8C43/5 

7.3 

7.6 

7.9 

7.3 

7.6 

7.9 

V 

PWM Section 

Maximum Duty Cycle 

X8C42/3 (note 1) 

95 

97 

100 

95 

97 

100 

% 

X8C44/5 (note 1) 

46 

48 

50 

47 

48 

50 

% 

Minimum Duty Cycle 



0 



0 

% 

Supply Current 

Start Up 

Ta = 25°C, Vi(sj < Vuvl Figure 1 

50 

170 

300 

50 

170 

300 

pA 

Operating 

Vfb = V(Isense) = OV; Figure 4 


1 

2 

_i 

1 

1.5 

mA 


NOTES: 1. These parameters, although guaranteed, are not 100% 4. Output frequency equals oscillator frequency for the 

tested in production. X8C42 and X8C43. Output frequency is one half oscillator 

2. Parameter measured at trip point of latch. frequency for the X8C44 and X8C45. 

3. Gain ratio is defined as; 5. PSRR of Vref, Error Amp and PWM Comparator 

AVfcoMP combination. 

AV(Isense) 

where 0 < V(Isense) ^ 0.8V 


Teledyne Components reserves the right to make changes in the circuitry or specifications detailed in this manual at any time without notice. Minimums 
and maximums are guaranteed. All other specifications are intended as guidelines only. Teledyne Components assumes no responsibility for the use of 
any circuits described herein and makes no representations that they are free from patent infringement. 

BENCH TEST OPERATIONAL SIMULATION 

The timing ramp (Rj/Cj) is buffered by the emitter follower and fed back to the Isense input. This ramp simulates the 
dl/dT current ramp which would flow through the primary of the transformer. The output voltage of the power supply is 
simulated by feeding some of the reference voltage into Vfb- The combination of the two input levels determines the operating 
characteristics of the current mode controller. 
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TC18C42/3/4/5 
TC28C42/3/4/5 
TC38C42/3/4/5 _ 

TYPICAL CHARACTERISTICS 


BiCMOS CURRENT MODE 
PWM CONTROLLER 


start Current vs. Temperature 

ISO. p, p 

145 -V|N = VstarT- 

140—]-1-1-^- 


Oscillator Frequency Changes 
vs. Temperature 



-60-40-20 0 20 40 60 80 100120140 -60-40-20 0 20 40 60 80 100120140 


TEMPERATURE (X) 
Figure 1 

IqD Temperature 


- Vjf^ ss 15V 
f r: 100 kHz 


TEMPERATURE (X) 
Figure 2 

Frequency of Operation 


■sense to Out Delay 



0 25 50 70 

TEMPERATURE (X) 
Figure 3 

Dead Time vs. Cj 



■■■ 


mmm 


mm 

■■■ 

■1 


■■i 


am 

■■■ 

■1 

■■■ 



■■ 

III 


Rt= 10 kHz 


Rt s: 22 kHz 


Rt» 47 kHz 
100 kHz 


SBI! 


1.0l - ^ 1 ^ 1 - 1 - 1 - 1 ^ 1 - 1 100 pF 

^0^0-20 0 20 40 60 80 100120140 10 kHz 100 kHz 

TEMPERATURE (X) FREQUENCY 

Figure 4 Figure 5 


100 pF 
100 ns 



1 ps 

DISCHARGE TIME 
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^^^^TELEDYNE 

COMPONENTS 


TC18C46 TC18C47 
TC28C46 TC28C47 
TC38C46 TC38C47 


CMOS CURRENT MODE PWM CONTROLLER 


FEATURES 

■ Isolated Output Drive 

■ Low Power CMOS Construction 

■ Low Supply Current.2 mA Typ 

■ Wide Supply Voltage Operation.8V to 18V 

■ Latch-Up Immunity.500 mA on Outputs 

■ Above and Below Rail Input Protection.6V 

■ High Output Drive.500 mA Peak 

■ Current Mode Control 

■ Fast Rise/Fall Time.50 ns @ 1000 pF 

■ High Frequency Operation.500 kHz 

■ UV Hysteresis Guaranteed 


■ 

Shutdown Pin Available 


■ 

Double Ended 


■ 

Soft Start 


■ 

Low Prop Delay Current Amp 



to Output. 

....< 350 ns Typ 

■ 

Low Prop Delay Shutdown 



to Output. 

....< 400 ns Typ 

■ 

TC38C46/47 Pin Compatible with 
Unitrode UC3846/3847 


■ 

ESD Protected. 

.+2 kV 


BLOCK DIAGRAM 



1017-1 
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CMOS CURRENT MODE 
PWM CONTROLLER 


TC18C46 TC18C47 

TC28C46 TC28C47 

TC38C46 TC38C47 


GENERAL DESCRIPTION 

The TC38C46/47 are current mode CMOS PWM con¬ 
trol ICs. These only draw 2 mA supply current, so they can 
be driven without a costly 50-60 Hz transformer. The output 
drive stage is capable of high drive currents, 300 mA typical. 

The TC38C46/47 are pin compatible with earlier bipolar 
products so that designers can easily update older designs. 
A number of improvements have been added. 

This second generation part has been designed with an 
isolated drive stage. Unlike its cousin, the TC170, the output 
stage of the TC38C46/47 can be run from a separate power 
supply such as a secondary winding on an output transformer. 
This allows for bootstrap start-up of the power supply. 

ORDERING INFORMATION 


Part No. 

Configuration 

Pkg./Temperature 

TC18C46MJE 

Non-Inverting 

16-Pin CerDIP 
-55to+125°C 

TC18C47MJE 

Inverting 

16-Pin CerDIP 
-55 to +125X 

TC28C46EOE 

Non-Inverting 

16-Pin SOIC (wide) 
-40 to ■i-85°C 

TC28C46EPE 

Non-Inverting 

16-Pin Plastic DIP 
-40 to -i-85°C 

TC28C47EOE 

Non-Inverting 

16-Pin SOIC (wide) 
-4010 -nSS^C 

TC28C47EPE 

Non-Inverting 

16-Pin Plastic DIP 
-40 to +850C 

TC38C46COE 

Non-Inverting 

16-Pin SOIC (wide) 
Oto +70°C 

TC38C46CPE 

Non-Inverting 

16-Pin Plastic DIP 
0 to +70''C 

TC38C47COE 

Inverting 

16-Pin SOIC (wide) 
0 to +70°C 

TC38C47CPE 

Inverting 

16-Pin Plastic DIP 


0 to +70°C 


ABSOLUTE MAXIMUM RATINGS 


Output Current, Source or Sink (Pins 1,14).500 mA 

Analog Inputs (Pins 3, 4, 5, 6, 16).-0.3V to +V(n 

Reference Output Current (Pin 2).-30 mA 

Sync Output Current (Pin 10).-5 mA 

Error Amplifier Output Current (Pin 7).-5 mA 

Soft Start Sink Current (Pin 1).50 mA 

Oscillator Charging Current (Pin 9).5 mA 

Supply Voltage.18V 

Maximum Chip Temperature.150 °C 

Storage Temperature.-65°C to +150°C 

Lead Temperature (10 sec).300 °C 

Package Thermal Resistance 

CerDIP Rej.A..150°C/W 

CerDIPRej-c.55°C/W 

PDIP Rej.A.125^C/W 

PDIP Rej-c .45°C/W 

SOIC Rej-A.250°C/W 

SOIC Rej-A.75°C/W 


NOTES: 1. All voltages are with respect to Ground, Pin 13. Currents 
are positive into, negative out of the specified terminal. 

2. Static-sensitive device. Unused devices must be stored in 
conductive material. Protect devices from static discharge 
and static fields. Stresses above those listed under 
Absolute Maximum Ratings may cause permanent 
damage to the device. These are stress ratings only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational 
sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 
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CMOS CURRENT MODE 
PWM CONTROLLER 

TC18C46 TC18C47 

TC28C46 TC28C47 

TC38C46 TC38C47 



ELECTRICAL CHARACTERISTICS: unless otherwise stated, these specifications apply for 

Ta = -55°C to +125°C for TC18C46/TC18C47; -40°C to +85X for the TC28C46/TC28C47; and 0°C to +70°C for the 

TC38C46/TC38C47; V|n = Vqd = 16V; Rj = 30.1 k; Cj = 270 pF. 


TC18C46/47 

TC28C46/47 TC38C46/47 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Reference Section 






Output Voltage 

Tf = 25‘’C, lo = 1 mA 

5.05 

5.1 

5.15 

5 

5.1 

5.20 

V 

Line Regulation 

V|N=8Vto 16V 


±4 

±20 

— 

±4 

±20 

mV 

Load Regulation 

lo = 1 mA to 10 mA 


±4 

±20 

— 

±4 

±20 

mV 

Temp Coefficient 

Over Operating Range, (note 1) 

1_ 

±0.2 

±0.5 

— 

±0.2 

±0.5 

mV/®C 

Total Output Range 

Line, Load, and Temperature (note 1) 

4.97 

— 

5.24 

4.94 

— 

5^26 

V 

Long Term Drift 

Tf= 125°C, 1000 Mrs (note 1) 

— 

±50 

i ~~ 

— 

±50 


mV 

Short Circuit 

Output Current 

Vref = OV 

20 

— 

70 

20 

— 

70 

mA 

Output Noise Voltage 

10 Hz < f < 10 kHz,Tf = 25°C (note 1) 

— 

22 

— 

— 

22 

— 

)iV(rms) 


Oscillator Section 


Initial Accuracy 

Tf=25"C 

96.5 

102 

106.5 

96.5 

101 

106.5 

kHz 

Voltage Coefficient 

V|N = 8Vto16V 

— 

±.1 

±1.5 

— 

±.1 

±1.5 

%/V 

Temp Coefficient 

Over Operating Range (note 1) 

— 

b 

±0.06 

— 

7 

o 

±0.06 

%/"C 

Clock Ramp 

Reset Current 

1.2 

2 

3 

1.2 

2 

3 

mA 

Osc Ramp Amplitude 

3.6 

3.8 

4 

3.6 

3.8 

4 

V 

Sync Output High Level 

(note 1) 

Vdd 

-0.5 

— 

— 

Vdd 

-0.5 

— 

— 

V 

Sync Output Low Level 

(note 1) 

— 

— 

0.5 

— 

— 

0.5 

V 

Sync Input High Level 

Pin 8 = OV, (note 1) 

12 

8.5 

— 

12 

8.5 

— 

V 

Sync Input Low Level 

Pin 8 = OV, (note 1) 

— 

8.5 

5 

— 

8.5 

5 

V 

Sync Input Current 

Sync Voltage = 5.25V, Pin 8 = OV 

— 

±5 

1+ 

cn 

o 

— 

±5 

±50 

nA 
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CMOS CURRENT MODE 
PWM CONTROLLER 

TC18C46 TC18C47 

TC28C46 TC28C47 

TC38C46 TC38C47 


ELECTRICAL CHARACTERISTICS (Cont): unless otherwise stated, these specifications apply for 

Ta = -55°C to +125°C for TC18C46/TC18C47; -40°C to +85°C for the TC28C46/TC28C47: and 0°C to +70°C for the 

TC38C46/TC38C47; Vin = Vdd = 16V; Rj = 30.1 k; Cj = 270 pF. 




TC18C46/47 

TC28C46/47 

TC38C46/47 


Parameter 

Test Conditions 

Min 1 

_1 

Typ 

Max 

Min 

Typ 

Max 

Units 


Error Amp Section 


Input Offset Voltage 

-1 

±5 

±25 

_ 

±5 

±25 

mV 

Input Bias Current 

_ i 

±10 

±100 


±0.1 

±0.5 

nA 

Input Offset Current 

— 

±10 

±100 


±0.1 

±0.5 

nA 

Open Loop Voltage Gain 

AVo= IV to 6V, Rl= 100k 

70 

90 

— 

70 

90 

— 

dB 

Gain Bandwidth Product 

Tf = 25‘’C (note 1) 

0.7 

1 

— 

0.7 

1 

— 

MHz 

CMRR 

VcM = 0Vto 11V 

70 

90 

— 

70 

90 

— 

dB 

PSRR 

V|N = 8Vto16V 

70 

90 

— 

70 

90 

— 

dB 

Output Sink Current 

V(EA-) = 5V, V(EA+) = 4.9V, 

V(COMP) = 1.2V 

2 ' 

4 

— 

2 

4 

— 

mA 

Output Source Current 

V(EA-) = 5V, V{EA+) = 5.1V, 

V(COMP) = 2.5V 

5 

10 

— 

5 

10 


mA 

High Level Output Volt 

Rl = (COMP) 5 kO to GND, Acl = 300 

4.9 

5 

5.1 

4.9 

5 

5.1 ^ 

V 

Low Level Output Volt 

Rl = (COMP) 5 ka to GND, Acl = 300 

— 

0.4 

0.9 1 

— 

0.4 

0.9 

V 

Slew Rate 

1.3 

2 

— 

1.3 

2 

— 

V/ps 


Current Sense Section 


Amplifier Gain 

(notes 2, 3) 

2.7 

3 

3.4 

2.7 

3 

3.4 

V 

Max Differential 

Input Signal (VpinrVpm 3 ) 

(note 2) 

1.1 

1.5 

1.8 

1.1 

1.5 

1.8 

V 

Input Offset Voltage 

(note 2) ' 

0.4 

0.65 

0.85 

0.4 

0.65 

0.85 

V 

CMRR 

VcM = 1Vto 12V, (note 2) 

40 

60 

— 

40 

60 

— 

dB 

PSRR 

V|N = 8Vto16V, (note2) j 

40 

60 

— 

40 

60 

— 

dB 

Input Bias Current 

(note 1) 

— 

±1 

±100 


±1 

±100 

nA 

Input Offset Current 

(note 1) 

— 

±0.1 

±2 


±0.1 

±2 

nA 

Input Common Mode Range (note 1) 

0 

— 

11 

0 

— 

11 

V 

Delay to Outputs 

T{ = 25°C, (note 1) 

150 

225 

400 

150 

225 

400 

ns 


Current Limit Adjust Section 


Current Limit Voltage Offset 

__ 

±1 

±25 

_ 

±1 

±25 

mV 

Input Impedance (Shutdown Unlatched) 

3 

3.5 

4 

30 

3.5 

4 

kQ 


Shutdown Terminal Section 


Threshold Voltage 

320 

360 

400 

320 

360 

400 

mV 

Input Voltage Range 

(note 1) 

0 

— 

V,N 

0 

__ 

Vin 

V 

Min Latching 

Current (lpini) 

(note 4) 

140 


— 

140 

— 


pA 

Max Non-Latching 
Current (lpini) 

(note 5) 

— 

— 

65 

— 

— 

65 

pA 

Min Pulse Width 

(note 1) 

100 

50 

— 

100 

50 

— 

ns 

Delay to Outputs 

(note 1) 

125 

250 

400 

125 

250 

400 

ns 
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CMOS CURRENT MODE 
PWM CONTROLLER 

TC18C46 TC18C47 

TC28C46 TC28C47 

TC38C46 TC38C47 


ELECTRICAL CHARACTERISTICS (Cont): unless otherwise stated, these specifications apply for 

Ta = -55°C to +125°C for TC18C46/TC18C47; -40‘>C to +85°C for the TC28C46/TC28C47; and O^C to +70''C for the 

TC38C46/TC38C47; V|n = Vdd = 16V; Rj = 30.1 k; Cj = 270 pF. 



TC18C46/47 

TC28C46/47 

TC38C46/47 


Parameter 

Test Conditions 

Min Typ Max 

Min Typ 

Max 

Units 

Output Section 

Output Low Level ros (ON) 

IsiNK = 20 mA 

— 10 20 

— 10 

20 

Q 

Output High Level rps (on) 

(source = 20 mA 

— 20 35 

— 20 

35 

a 

Output Rise Time 

Cl = 1 mF 

— 55 90 

— 55 

90 

ns 

Output Fall Time 

Cl = 1 mF 

— 55 90 

— 55 

90 

ns 


Under Voltage Lockout Section 


Under Voltage Threshold 

6.6 

7 

7.3 

6.6 

7 

7.3 

V 

Start Threshold 

7.5 

7.8 

8 

7.5 

7.8 

8 

V 

Threshold Hysteresis 

0.6 

0.8 

1 

0.6 

0.8 

1 

V 


Total Standby Current 


Supply Current 

— 

1.2 

2.5 

— 

1.2 

2 

mA 

Start-Up Current 

— 

250 

350 

— 

250 

350 

pA 


NOTES: 1 . These parameters, although guaranteed over th© 4. Current into Pin 1 guaranteed to latch circuit in shutdown 

recommended operating conditions, are not 1007© tested state. 

in production. 5. Current into Pin 1 guaranteed not to latch circuit in 

2 . Parameter measured at trip point of latch with Vpin e = shutdown state. 

VrEF. Vpin 16 = OV. 

3. Amplifier gain is defined as:G = 4 = OV to 1V 

CH^in4 
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^^^TELEDYNE 

COMPONENTS 


TC7660 


DC-TO-DC VOLTAGE CONVERTER 

FEATURES 

■ Converts +5V Logic Supply to ±5V System 


■ Wide Input Voltage Range.1.5V to 10V 

■ Efficient Voltage Conversion.99.9% 

■ Excellent Power Efficiency.98% 

■ Low Power Supply.500 fiA Max 

■ Low Cost and Easy to Use 


— Only Two External Capacitors Required 

■ RS232 Negative Power Supply 

■ Available in Small Outline (SO) Package 


GENERAL DESCRIPTION 

The TC7660 DC-to-DC voltage converter will generate 
a negative voltage from a positive source. With two external 
capacitors, the TC7660 will convert a 1.5V to 10V input 
signal to a -1.5V to -10V level. The TC7660 easily gener¬ 
ates -5V in -I-5V digital systems. 

Many analog-to-digital converters, digital-to-analog 
converters, operational amplifiers, and multiplexers require 
negative supply voltages. The TC7660 allows +5V digital 
logic systems to Incorporate these analog components 
without adding an additional main power source. The TC7660 
can lowertotal system cost, ease engineering development, 
and save space, power and weight. 

The TC7660 charges a capacitor to the applied supply 
voltage. Internal analog gates connect the capacitor across 
the output. Charge is transferred to an output storage 
capacitor, completing the voltage conversion. Operation 
requires only two external capacitors for supply voltage 
<6.5V. 


BLOCK DIAGRAM 


V+ CAP+ 



GND 







DC-TO-DC VOLTAGE CONVERTER 


Te7660 


Contained on-chip are a series DC power supply regu¬ 
lator, RC oscillator, voltage-level translator, four output 
power MOS switches, and a unique logic element which 
ensures latch-up free operation. 

The oscillator, when unloaded, oscillates at a nominal 
frequency of 10 kHz for an input supply voltage of 5V. This 
frequency can be lowered by the addition of an external 
capacitor to the OSC terminal (pin 7), or the oscillator may 
be overdriven by an external clock. 

The low voltage (LV) terminal (pin 6) may be tied to GND 
(pin 3) to bypass the internal series regulator and improve 
LV operation. At medlum-to-high voltages (+3.5V to +1OV), 
the LV pin is left floating to prevent device latch-up. 

The TC7660 open-circuit output voltage is equal to the 
Input voltage to within 0.1 %. The TC7660 has a 98% power 
conversion efficiency for 2 mA to 5 mA load currents. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

TC7660CPA 

8-Pin Plastic DIP 

0°C to +70‘’C 

TC7660IJA 

8-Pin CerDIP 

-40°C to +85°C 

TC7660EOA 

8-Pin Plastic DIP 

-40°C to -i-85‘’C 

TC7660EPA 

8-Pin Plastic DIP 

-40‘’C to -i-85°C 

TC7660MJA 

8-Pin CerDIP 

-55®C to-i-125‘’C 

TC7660COA 

8-Pin SO 

0°C to +70°C 

PIN CONFIGURATION (DIP and SO) 

1-1 


cAP-prj 


Nc [T • T] V 

GND [T TC7660 


B low 

VOLTAGE (LV) 

B' 


'OUT 


NC = NO INTERNAL CONNECTION 
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DC-TO-DC VOLTAGE CONVERTER 


TC7660 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.+10.5V 

LV and OSC Inputs 

Voltage (Note 1).-0.3V to (V++0.3V) 

for V+ <5.5V 
(V+-5.5V) to (V++0.3V) 
forV+<5.5V 

Current Into LV (Note 1).20 pA for V+ >3.5V 

Output Short Duration (Vsupply 5.5V) .Continuous 

Power Dissipation (Note 2) 

CerDIP.500 mW 

Plastic DIP.375 mW 

Operating Temperature Range 

C Suffix.0°Cto +70°C 


I Suffix.-25X to +85°C 

E Suffix.~40°C to +85°C 

M Suffix.-55®C to +^25°C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS: V+ = 5V, Ta = +25°C, Cose = O, Test Circuit (Figure 1), unless otherwise 

indicated. 


Symbol Parameter Test Conditions 

Min 

Typ 

Max 

Unit 

l"^ Supply Current Rl = 

— 

170 

500 

pA 

V'^Hi Supply Voltage Range, High 0°C Ta ^ +70°C, 

Rl= 10 kO, LVOpen 

(Dx Out of Circuit) (Note 3) -55°C Ta +125®C, 

10 kO, LV Open 

3 

3 

— 

6.5 

5 

V 

V 

V'^Li Supply Voltage Range, Low Min Ta Max, 

(Dx Out of Circuit) Rl = 10 kO, LV to GND 

1.5 

— 

3.5 

V 

V^H 2 Supply Voltage Range, High Min ^ Ta ^ Max, 

(Dx In Circuit) Rl = 10 kQ, LV Open 

3 

— 

10 

V 

V'^L 2 Supply Voltage Range, Low Min Ta Max, 

(Dx In Circuit) Rl = 10 kO, LV to GND 

1.5 

— 

3.5 

V 

Rout Output Source Resistance louT = 20 mA, Ta = 25®C 

— 

55 

100 

Q 

louT = 20 mA, 0°C ^ Ta ^ +70°C 
(C Device) 

— 

— 

120 

n 

louT = 20 mA. -25°C ^ Ta ^ +85“C 
(I Device) 

— 

— 

130 

Q 

louT = 20 mA, -55®C ^ Ta +125^0 
(M Device) 

— 

— 

150 

Q 

V+ = 2V, louT = 3 mA, LV to GND 

OX ^ Ta ^ +70^C 

— 

— 

300 

D 

= 2V, louT = 3 mA, LV to GND 
-55X < Ta ^ +125X (Note 3) 

— 

— 

600 

n 

fosc Oscillator Frequency 

— 

10 

— 

kHz 

PEF Power Efficiency Rl = 5 kO 

95 

98 

— 

% 

VouT EF Voltage Conversion Efficiency Ri = ^ 

97 

99.9 

— 

% 

Zosc Oscillator Impedance V'^ = 2V 

— 

1 

— 

MO 

< 

+ 

II 

tn 

< 

— 

100 

— 

kO 


NOTES: 1. Connecting any input terminal to voltages greater than C+ or less than GND may cause destructive latch-up. It is recommended that no 
inputs from sources operating from external supplies be applied prior to "power up* of the TC7660. 

2. Derate linearly above 50°C by 5.5 mW/°C. 

3. TC7660Monly. 
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DC-TO-DC VOLTAGE CONVERTER 


TC7660 


TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 1) 


Operating Voltage vs Temperature 



-55 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 


Power Conversion Eff vs Osc Freq 



100 Ik 10k 

OSCILLATOR FREQUENCY (Hz) 


Output Source Resistance vs Supply Voltage 



0 12345678 

SUPPLY VOLTAGE (V) 


Output Source Resistance vs Temperature 

500 I 


O 

< 400j 

CO 

CO 

Ui 200 

cc 

LU 


150 


100 


50 


■out 

s 1 mA 

_^_ 





v+ = 

+2V,V 

riTHD 

X 


_ 


n 








V 

+ = +2 

V^ 








THOU' 

rox 



V 

+ = +5 

V 

ifi-rui n 


■ - 



, 


□ 



-55 -25 


0 +25 +50 +75 +100 +125 

TEMPERATURE (°C) 


Freq of Osc vs Ext Osc Capacitance 



1 10 100 1000 10k 

OSCILLATOR CAPACITANCE (pF) 


>- 

o 

z 


(Z 

e 


o 

(0 

o 


Unloaded Osc Freq vs Temperature 



-55 -25 0 +25 +50 +75 +100 +125 

TEMPERATURE (“C) 
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DC-TO-DC VOLTAGE CONVERTER 


TC7660 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont.) 


Output Voltage vs Output Current 



0 10 20 30 40 50 60 70 80 90 100 
OUTPUT CURRENT (mA) 



0 10 20 30 40 50 60 70 80 90 100 
OUTPUT CURRENT (mA) 



0 10 20 30 40 50 60 70 80 

LOAD CURRENT (mA) 



0123 45678 

LOAD CURRENT (mA) 



NOTE: The curves on the right include in the supply current that current fed directly into the load (Ri) from (see Figure 1). 
Thus, approximately half the supply current goes directly to the positive side of the load, anathe other half through 
the TC7660, to the negative side of the load. Ideally, Vqut = ^ ^IN« *8 = 2 lb ^ ^IN * = ^OUT * *L- 
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Figure 1. TC7660 Test Circuit 



Figure 2. Chip Topography 


Circuit Description 

The TC7660 contains all the necessary circuitry to 
complete a voltage doubler, with the exception of two 
external capacitors, which may be inexpensive 10 pF polar¬ 
ized electrolytic capacitors. Operation is best understood by 
considering Figure 3, which shows an idealized voltage 
doubler. Capacitor Ci is charged to a voltage, V+, forthe half 
cycle when switches Si and S 3 are closed. (Note: Switches 
S 2 and S4 are open during this half cycle.) During the second 
half cycle of operation, switches S 2 and S 4 are closed, with 
Si and S3 open, thereby shifting capacitor Ci negatively by 
volts. Charge Is then transferred from Ci to C 2 , such that 
the voltage on C 2 is exactly V+, assuming ideal switches and 
no load on C 2 . 



The four switches In Figure 3 are MOS power switches; 
Si is a P-channel device, and S 2 , S3 and S4 are N-channel 
devices. The main difficulty with this approach is that in 
integrating the switches, the substrates of S3 and S4 must 
always remain reverse-biased with respect to their sources, 
but not so much as to degrade their ON resistances. In 
addition, at circuit start-up, and under output short circuit 
conditions (Vqut = V"^), the output voltage must be sensed 
and the substrate bias adjusted accordingly. Failure to 
accomplish this will result in high power losses and probable 
device latch-up. 

This problem is eliminated in the TC7660 by a logic 
network which senses the output voltage (Vqut) together with 
the level translators, and switches the substrates of S3 and 
S4 to the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the TC7660 is an 
integral part of the anti-latch-up circuitry. Its Inherent voltage 
drop can, however, degrade operation at low voltages. To 
improve low-voltage operation, the LV pin should be 
connected to GND, disabling the regulator. For supply 
voltages greater than 3.5V, the LV terminal must be left 
open to ensure latch-up-proof operation and prevent device 
damage. 

Theoretical Power Efficiency 
Considerations 

In theory, a voltage multiplier can approach 100% 
efficiency if certain conditions are met: 

( 1 ) The drive circuitry consumes minimal power. 

( 2 ) The output switches have extremely low ON 
resistance and virtually no offset. 

(3) The Impedances of the pump and reservoir 
capacitors are negligible at the pump frequency. 
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The TC7660 approaches these conditions for negative 
voltage multiplication if large values of Ci and C 2 are used. 

Energy is fost only in the transfer of charge between 
capacitors if a change in voltage occurs. The energy lost 
is defined by: 


E = 1/2Ci (Vi2-V22) 

Vi and V 2 are the voltages on Ci during the pump and 
transfer cycles. If the impedances of Ci and C 2 are relatively 
high at the pump frequency (refer to Figure 3), compared to 
the value of Rl, there will be a substantial difference In 
voltages Vi and V 2 . Therefore, it is not only desirable to 
make C 2 as large as possible to eliminate output voltage 
ripple, but also to employ a correspondingly large value for 
Ci in order to achieve maximum efficiency of operation. 

Dos and Don'ts 

• Do not exceed maximum supply voltages. 


TYPICAL APPLICATIONS 


Simple Negative Voltage Converter 


Figure 4 shows typical connections to provide a nega¬ 
tive supply where a positive supply is available. A similar 
scheme may be employed for supply voltages anywhere in 
the operating range of +1.5V to +1OV, keeping in mind that 
pin 6 (LV) is tied to the supply negative (GND) only for supply 
voltages below 3.5V, and that diode Dx must be included for 
proper operation at higher voltage and/or elevated tempera¬ 
tures. 

The output characteristics of the circuit in Figure 4 are 
those of a nearly ideal voltage source in series with 70Q. 
Thus, for a load current of -10 mA and a supply voltage of 
+5V, the output voltage would be -4.3V. 

The dynamic output impedance of the TC7660 Is due, 
primarily, to capacitive reactance of the charge transfer 
capacitor (Ci). Since this capacitor is connected to the 
output for only 1/2 of the cycle, the equation is: 



• Do not connect LV terminal to GND for supply voltages 
greater than 3.5V. 

• Do not short circuit the output to V+ supply for voltages 
above 5.5V for extended periods; however, transient 
conditions Including start-up are okay. 

• When using polarized capacitors, the + terminal of Ci 
must be connected to pin 2 of the TC7660 and the + 
terminal of C 2 must be connected to GND. 

• Add diode Dx (as shown in Figure 1) for high-voltage, 
elevated-temperature applications. A 1N914 diode is 
suitable. 

Considerations for High Voltage 
and Elevated Temperature 

The TC7660 will operate efficiently over its specified 
temperature range with only two external passive compo¬ 
nents (storage and pump capacitors), provided the operat¬ 
ing supply voltage does not exceed 6.5V at +70'=’C and 5V at 
+125°C. Exceeding these maximums at the temperatures 
indicated may result in destructive latch-up of the TC7660. 

Operation at supply voltages up to 10V over the full 
temperature range, without danger of latch-up, can be 
achieved by adding a general-purpose diode in series with 
the TC7660 output, as shown by Dx in the circuit diagrams. 
The effect of this diode on overall circuit performance Is the 
reduction of output voltage by one diode drop (approxi¬ 
mately 0.6V). 


Xc = - = 3.18a 

27cf Ci 

where f = 10 kHz and Ci = 10 pF. 


[1 

CiJT-H 

iOvFj 

• 

TC7660 

v+ 

n ■? 9-t-<='''ouT 

TL, -Lcj 

iri ^iomf 

*NOTES: 1. VouT = -n for 1 .5V ^ ^ 6.5V. 

2. Vqut = (V^-VpDX) for 6.5V ^ V*" ^ IOV. 


Figure 4. Simple Negative Converter 


Paralleling Devices 

Any number of TC7660 voltage converters may be 
paralleled to reduce output resistance (Figure 5). The reser¬ 
voir capacitor, C 2 , serves all devices, while each device 
requires its own pump capacitor, Ci. The resultant output 
resistance would be approximately: 

Rout= Rout (of TC7660) 
n (number of devices) 
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Cascading Devices 

The TC7660 may be cascaded as shown (Figure 6) to 
produce larger negative multiplication of the initial supply 
voltage. However, due to the finite efficiency of each device, 
the practical limit is 10 devices for light loads. The output 
voltage is defined by; 

VouT = -n (V|n) 

where n Is an integer representing the number of devices 
cascaded. The resulting output resistance would be ap¬ 
proximately the weighted sum of the individual TC7660 
Rout values. 

Changing the TC7660 Oscillator Frequency 

It may be desirable in some applications (due to noise or 
other considerations) to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an exter¬ 
nal clock, as shown in Figure 7. In order to prevent possible 


device latch-up, a 1 resistor must be used in series with 
the clock output. In a situation where the designer has 
generated the external clock frequency using TTL logic, the 
addition of a 10 kQ pull-up resistor to supply is required. 
Note that the pump frequency with external clocking, as with 
Internal clocking, will be 1/2 of the clock frequency. Output 
transitions occur on the positive-going edge of the clock. 

It is also possible io increase the conversion efficiency 
of the TC7660 at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is achieved 
by connecting an additional capacitor. Cose, as shown in 
Figure 8. Lowering the oscillator frequency will cause an 
undesirable Increase In the Impedance of the pump (Ci) and 
the reservoir (C 2 ) capacitors. To overcome this, increase the 
values of Ci and C 2 by the same factor that the frequency 
has been reduced. For example, the addition of a 100 pF 
capacitor between pin 7 (OSC) and pin 8 (V+) will lower the 
oscillator frequency to 1 kHz from its nominal frequency of 
10 kHz (a multiple of 10), and necessitate a corresponding 
increase in the values of Ci and C 2 (from 10 pF to 100 pF). 
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Positive Voitage Muitiplication 

The TC7660 may be employed to achieve positive 
voltage multiplication using the circuit shown in Figure 9. In 
this application, the pump inverter switches of the TC7660 
are used to charge Ci to a voltage level of V+-Vf (where 
is the supply voltage and Vp is the forward voltage drop of 
diode Di). On the transfer cycle, the voltage on Ci plus the 
supply voltage (V"^) is applied through diode D 2 to capacitor 
C 2 . The voltage thus created on C 2 becomes (2 V+) - (2 Vp), 
or twice the supply voltage minus the combined forward 
voltage drops of diodes Di and D 2 . 

The source impedance of the output (Vqut) will depend 
on the output current, but for = 5V and an output current 
of 10 mA, it will be approximately 601^. 



Combined Negative Voltage Conversion 
and Positive Supply Multiplication 


Figure 10 combines the functions shown in Figures 4 
and 9 to provide negative voltage conversion and positive 
voltage multiplication simultaneously. This approach would 
be, for example, suitable for generating +9V and -5V from 
an existing +5V supply. In this Instance, capacitors Ci and 
C 3 perform the pump and reservoir functions, respectively, 
for the generation of the negative voltage, while capacitors 
C 2 and C 4 are pump and reservoir, respectively, for the 
multiplied positive voltage. There is a penalty in this con¬ 
figuration which combines both functions, however. In that 
the source Impedances of the generated supplies will be 
somewhat higher due to the finite Impedance of the common 
charge pump driver at pin 2 of the device. 




Figure 10. Combined Negative Converter and Positive Multiplier 


Efficient Positive Voltage 
Multiplication/Conversion 

Since the switches that allow the charge pumping op¬ 
eration are bidirectional, the charge transfer can be per¬ 
formed backwards as easily as forwards. Figure 11 shows 
a TC7660 transforming -5V to -i-5V (or -i-5V to -pIOV, etc.). 
The only problem here Is that the internal clock and switch- 
drive section will not operate until some positive voltage has 
been generated. An initial Inefficient pump, as shown in 
Figure 10 , could be used to start this circuit up, after which 
it will bypass the other (Di and D 2 in Figure 10 would never 
turn on), or else the diode and resistor shown dotted in 
Figure 11 can be used to "force" the Internal regulator on. 
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Voltage Splitting 

The same bidirectional characteristics used in Figure 11 
can also be used to split a higher supply in half, as shown in 
Figure 12. The combined load will be evenly shared between 
the two sides. Once again, a high value resistor to the LV pin 
ensures start-up. Because the switches share the load in 
parallel, the output impedance is much lower than in the 
standard circuits, and higher currents can be drawn from the 
device. By lising this circuit, and then the circuit of Figure 6, 
+15V can be converted (via +7.5V and -7.5V) to a nominal 
-15V, though with rather high series resistance (~250Q). 



Negative Voltage Generation for 
Display ADCs 

The TC7106 Is designed to work from a 9V battery. With 
a fixed power supply system, the TC7106 will perform 
conversions with Input signal referenced to power supply 
ground. 

Negative Supply Generation for 
4-1/2 Digit Data Acquisition System 

The TC7135 is a 4-1/2 digit ADC operating from ±5V 
supplies. The TC7660 provides an inexpensive -5V source. 
(See AN16 and AN17 for TC7135 interface details and 
software routines.) 



Figure 13a. Fixed Power Supply Operation of TC7106 ADC 
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Figure 13b. Negative Power Supply Generation for TC7107A ADC 



Figure 14. TC7660 Supplies -5V for Converters in Microprocessor-Controlled Data Acquisition Systems 




NOTES 



"^^TELEDYNE 

COMPONENTS 


TC7662A 


DC-TO-DC CONVERTER 

FEATURES 

■ Equivalent to ICL7662/SI7661n'C7660/LTCt 044 


■ Increased Output Current.40 mA 

■ No External Diodes Required 

■ Wide Operating Range.3V to 18V 

■ Low Output Impedance @ II = 20 mA.40n Typ 

■ No Low-Voltage Terminal Required 

■ CMOS Construction 


GENERAL DESCRIPTION 

The TC7662A is an improved version of the industry- 
standard TC7660/TC7662 switched capacitor DC-to-DC 
converters, CMOS construction and advanced design re¬ 
sult in a device with twice the output power of the TC7662 
and requires fewer parts in many applications. 

The TC7662A can source 40 mA versus the TC7662's 
20 mA capability. As an inverter, the TC7662A can output 
voltages as high as 18V and as low as 3V, without the need 


for external diodes. The output Impedance of the device is 
a low 40^2 (typical), voltage conversion efficiency Is 99.9%, 
and power conversion efficiency Is 97%. 

See TC962 if higher output current is required. 

The low-voltage terminal (pin 6) required in some TC7662 
applications has been eliminated. Only two external capaci¬ 
tors are required for inverter applications. Ifan external clock 
is needed to drive the TC7662A (such as when paralleling), 
driving pin 7 directly will cause the Internal oscillator to sync 
to the external clock. 

The TC7662A can be used in applications such as 
VouT = -V|N, VouT = 2 ViN, VouT = Vin/2 , and Vqut = ±nViN. 

It may also be used as a DC-to-DC Inverter, a doubler, 
a plus and minus supply splitter, and (when combined with 
other TC7662A's), as a voltage multiplier greater than two. 

The TC7662A Is compatible with the LTC1044, 
ICL7660, ICL7662, SI7661, and TC7660. It Is recommended 
for designs requiring greater power and/or less Input-to- 
output voltage drop. 


FUNCTIONAL DIAGRAM 



VoUT 


1033-1 
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ORDERING INFORMATION 


ABSOLUTE MAXIMUM RATINGS 


Part No. 

Package 

Temperature 

Range 

TC7662ACPA 

8 -Pin Plastic DIP 

O^C to +70'’C 

TC7662AIJA 

8 -Pin CerDIP 

-25°C to H-eS^C 

TC7662AEPA 

8 -Pin Plastic DIP 

-40''C to +85°C 

TC7662AMJA 

8 -Pin CerDIP 

-SS^C to +125‘>C 

PIN CONFIGURATION 

1 1 


NC [T 


Uv^ 

C*[I 


3 osc 

gnd[T 

TC7662A 

3 NC 

C"[4 


a VquT 


NC = NO INTERNAL CONNECTION 


Supply Voltage Vs to GND.+18V 

Input Voltage (Any Pin).(Vs + 0.3) to (Vs - 0.3) 

Current Into Any Pin.10 mA 

Operating Temperature Range 

CPA. 0 ° to +70°C 

IJA.-25°C to +85°C 

EPA.-40°C to +85°C 

MJA.-55°C to +125°C 

Max Dissipation 

CPA, EPA.375 mW 

IJA, MJA.500 mW 

Package Thermal Resistance 

CPA, EPAGja .140°C/W 

IJA, MJA Oja.90^C/W 

Storage Temperature Range.-65®C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 

ESD Protection.± 2000 V 


Output Short Circuit.Continuous (at 5.5V Input) 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRtCAL CHARACTERISTICS: = 15V. Ta = +25“C (See Test Circuit) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

n 

Supply Voltage 


3 

__ 

18 

V 

Is 

Supply Current 

Rl = co 






V^ = +15V 

Ta = +25^0 


510 

700 

pA 



0 ^ Ta ^ +70**C 

— 

560 

— 

pA 



-55<Ta<+125‘»C 

— 

650 

— 

pA 


VJ = +5V 

Ta = -f25‘’C 

— 

190 

— 

pA 



O^Ta^+TO'^C 

— 

210 

— 

pA 



-55 <Ta^+125^0 

— 

210 

— 

pA 

Ro 

Output Source 

Il = 20 mA, Vj = -i-15V 

— 

40 

50 

Q 


Resistance 

lL=40mA, V| = +15V 

— 

50 

60 

n 



lL = 3mA, Vg = +5V 

— 

100 

125 

Q 

Cqsc 

Oscillator Frequency 


— 

■“'Ta 

— 

kHz 

Peff 

Power Efficiency 

V5 = +15V 

93 

97 

— 

% 



RL=2kn 





Veff 

Voltage Efficiency 

V+s = +15V 

99 

99.9 

— 

% 



Rl = oo 







Over Temperature Range 

96 

— 

— 

% 
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TEST CIRCUIT 


1 

-ry- 

® 1 

is 

NC - 

2 

TC7662A 

7 ^ 

(*5V) 

tboMF 3 

'’T ^ 

, .1. _ < 

-NC < 

5 '''' , 

,_ VquT 




(-5V) 




ZIOpF 


V 


APPLICATIONS INFORMATION 
Theory of Operation 

The TC7662A is a capacitive pump (sometimes called 
a switched capacitor circuit), where four MOSFET switches 
control the charge and discharge of a capacitor. 

The functional diagram (page 1) shows how the switch¬ 
ing action works. SW1 and SW2 are turned on simulta¬ 
neously, charging C1 to the supply voltage. Vs- This as¬ 
sumes that the on resistance of the MOSFETs in series 
with the capacitor results in a charging time (3 time con¬ 
stants) less than the on time provided by the oscillator 
frequency, as shown: 


3 (Rds(on) C1) <C1/(0.5 fosc). 

In the next cycle, SW1 and SW2 are turned off and, 
after a very short interval of all switches being off (prevent¬ 
ing large currents from occurring due to cross conduction), 
SW3 and SW4 are turned on. The charge In C1 Is then 
transferred to CouT. BUT WITH THE POLARITY IN¬ 
VERTED. In this way, a negative voltage Is now derived. 

An oscillator supplies pulses to a flip-flop that is then 
fed to a set of level shifters. These level shifters then drive 
each set of switches at one-half the oscillator frequency. 

The oscillator has a pin that controls the frequency of 
oscillation. Pin 7 can have a capacitor added that Is run to 
ground. This will lower the frequency of the oscillator by 
adding capacitance to the timing capacitor Internal to the 
TC7662A. (See Oscillator Frequency vs Cext. page 5.) 

Capacitors 

In early charge pump converters, capacitors were not 
considered critical due to the high Rds(on) of the MOSFET 
switches. In order to understand this, let’s look at a model of 
a typical electrolytic capacitor (Figure 1). 



Note one of its characteristics is ESR (equivalent series 
resistance). This parasitic resistance winds up in series with 
the load. Thus, both voltage and power conversion effi¬ 
ciency are compromised if a low ESR capacitor is not used. 

For example, in the 'Test Circuit", changing Cp and Cr 
capacitors with typical ESR to low ESR types, the effective 
converter output impedance changed from 45^2 to 40Q, an 
improvement of 12%. 

This applies to all types of capacitors. Including film 
types (polyester, polycarbonate etc.). 

Some applications information suggest the capacitor is 
not critical and attribute the limiting factor of the capacitor to 
its reactive value. Let's examine this: 


Xc = 


1 

27cf C 


and 



where DS (duty cycle) = 50%. 

Thus, Zc ~ 1.33C! at f = 12 kHz, where C = 10 pF. 

For the TC7662A, f = 12,000 Hz, and a typical value of 
C would be 10 pF. This a reactive impedance of «1.33W. If 
the ESR Is as great as 5W, the reactive value Is not as critical 
as It would first appear, as the ESR would predominate. The 
5W value is typical of a general-purpose electrolytic capaci¬ 
tor. 

Synchronizing 

The TC7662A may be synchronized by sourcing a 5 ps, 
5 pA clock pulse to pin 7. Care should be taken not to drive 
pin 7 beyond +5V. 

A TTL voltage level driving a diode and 100 kn resistor 
In series to pin 7 is the recommended procedure. 




100 kD 


Q 

- W -w\- 


TTL 



Q 



Figure 2 Synchronization 
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TYPICAL APPLICATIONS 


Combined Negative Converter and Positive Muitipiier 



Lowering Output Resistance by Paralleling Devices 
v* 


CpI 
10 mF 


*r~ 


-ry- 

TC7662A 


CpZiH 


L 


Ty-[s- 


^ 4 ^ 

TC7662A 


''H 

10|iF: 


-VouT 


Positive Voitage Muitipiier 



Split in Half 
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Supply Current vs Temperature 


Oscillator Frequency vs Cpvx 
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LOAD CURRENT (mA) 
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HIGH CURRENT DC-TO-DC CONVERTER 


FEATURES 

■ Pin Compatible With TC7662/ICL7662/SI7661 


■ High Output Current.80 mA 

■ No External Diodes Required 

■ Wide Operating Range.3V to 18V 

■ Low Output impedance.28^ Typ 


■ No Low Voltage Terminal Required 

■ Application Zener On Chip 

■ Doubling Pin Option for Smaller Output Capaci¬ 
tors 


GENERAL DESCRIPTION 

The TC962 is an advanced version of the industry- 
standard 7662 high-voltage DC-to-DC converter. Using 
improved design techniques and CMOS construction, the 
TC962 can source as much as 80 mA versus the 7662’s 
20 mA capability. 

As an inverter, the TC962 can put out voltages as high 
as 18V and as low as 3V without the need for external 
diodes. The output impedance of the device is a low 28Q 
(with the proper capacitors), voltage conversion efficiency 
is 99.9%, and power conversion efficiency is 97%. 


FUNCTIONAL DIAGRAM 


FREQ x2 

OSC/C“ 

TIMING 


ZENER 

CATHODE 



VOUT 


1036-1 
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The low voltage terminal (pin 6) required in some 7662 
applications has been eliminated. Grounding this terminal 
will double the oscillator frequency from 12 kHz to 24 kHz. 
This will allow the use of smaller capacitors for the same 
output current and ripple, in most applications. Only two 
external capacitors are required for inverter applications. In 
the event an external clock is needed to drive the TC962 
(such as paralleling), driving this pin directly will cause the 
Internal oscillator to sync to the external clock. 

Pin 1, which is used as a test pin on the 7662, is a voltage 
reference zener on the TC962. This zener (6.4V at 5 mA) has 
a dynamic Impedance of 12W and is intended for use where 
the TC962 is supplying current to external regulator circuitry 
and a reference is needed for the regulator circuit. (See 
applications section.) 

The TC962 is compatible with the LTC1044, SI7661, 
and ICL7662. It should be used in designs that require 
greater power and/or less input to output voltage drop. It 
offers superior performance over the ICL7660S. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage (Vs to GND).+18V 

Input Voltage (Any Pin).(Vs + 0.3) to (Vs - 0.3) 

Current into Any Pin.10 mA 

ESD Protection.±2000V 


Output Short Circuit.Continuous (at 5.5V Input) 

Storage Temperature Range.-65°C to +150X 

Lead Temperature (Soldering, 10 sec).+300®C 

Operating Temperature Range 

CPA. COE.0°Cto+70°C 

IJA.-25°Cto+85°C 

EOE, EPA.-40°C to +85°C 

MJA.-55°C to +125°C 

Max Dissipation 

COE, CPA, EOE, EPA.375 mW 

IJA, MJA.500 mW 

Package Thermal Resistance 

CerDIP, Rqj-A .90°C/W 

PDIP, Rqj-A ..140X/W 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

TC962CPA 

8 -Pin Plastic DIP 

0 °C to +70°C 

TC962IJA 

8 -Pin CerDIP 

-25''C to +85°C 

TC962EPA 

8 -Pin Plastic DIP 

-4G°C to +85°C 

TC962MJA 

8 -Pin CerDIP 

-55“C to +125°C 

TC962COE 

16-Pin SO 

0 to +70°C 

TC962EOE 

16-Pin SO 

-40°C to +85°C 

PIN CONFIGURATIONS 

8 -Pin DIP 


ZENER 
CATHODE Li 
C^[T 
gnd|T 
c-E 


TC962 


Jl^S 

2] ^OSC 
T\ FREQ x2 

H ''out 


lo-riil ow 



''OUT 
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ELECTRICAL CHARACTERISTICS: = 15V, Ta = +25°C (See Test Circuit) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

n 

Supply Voltage 


3 


18 

V 

Is 

Supply Current 

Rl = - 






Vg= 15V 

Ta = +25°C 


510 

700 

pA 



0 < Ta ^ +70‘’C 


560 


pA 



-55^Ta<+125‘’C 


650 


pA 


Vg = 5V 

Ta = +25‘’C 


190 


pA 



0 < Ta < +70°C 


210 


pA 



-55<Ta<+125‘’C 


210 


pA 

Ro 

Output Source 

1l = 20 mA, VJ=15V 


28 

32 

Q 


Resistance 

lL = 80mA, Vg=15V 


30 

35 

Q 



II = 3 mA, V^ = 5V 


— 

46 

Q 

Cose 

Oscillator Frequency 

Pin 6 Open 


12 


kHz 



Pin 6 GND 


24 


kHz 

Peff 

Power Efficiency 

Vg= 15V 

93 

97 


% 



RL = 2kn 





Vdef 

Voltage Efficiency 

Vg= 15V 

99 

99.9 


% 



Rl = oo 







Over Temperature Range 

96 

— 


% 

Vz 

Zener Voltage 

Iz = 5 mA 

6.2 

1 

6.4 

6.6 

V 

ZzT 

Zener Impedance 

II = 2.5 mA to 7.5 mA 

1 

12 


n 


APPLICATIONS INFORMATION 
Theory of Operation 

The TC962 is a capacitive pump (sometimes called a 
switched capacitor circuit), where four MOSFET switches 
control the charge and discharge of a capacitor. 

The functional diagram (page 1) shows how the switch¬ 
ing action works. SW1 and SW2 are turned on simulta¬ 
neously, charging Cp to the supply voltage, Vin. This as¬ 
sumes that the on resistance of the MOSFETs in series 
with the capacitor results In a charging time (3 time con¬ 
stants) that Is less than the on time provided by the oscilla¬ 
tor frequency as shown; 

3 (Rds(ON) Cp) <Cp/(0.5 fosc) 

In the next cycle, SW1 and SW2 are turned off and 
after a very short interval of all switches being off (this 
prevents large currents from occurring due to cross con¬ 
duction), SW3 and SW4 are turned on. The charge in Cp is 
then transferred to Cr. BUT WITH THE POLARITY IN¬ 
VERTED. In this way, a negative voltage Is now derived. 


Page 1 shows a functional diagram of the TC962. An 
oscillator supplies pulses to a flip-flop that Is then fed to a 
set of level shifters. These level shifters then drive each set 
of switches at one-half the oscillator frequency. 

The oscillator has two pins that control the frequency of 
oscillation. Pin 7 can have a capacitor added that is run to 
ground. This will lower the frequency of the oscillator by 
adding capacitance to the timing capacitor internal to the 
TC962. Grounding pin 6 will turn on a current source and 
double the frequency. This will double the charge current 
going into the Internal capacitor, as well as any capacitor 
added to pin 7. 

A zener diode has been added to the TC962 for use as 
a reference in building external regulators. This zener runs 
from pin 1 to ground. 


HIGH CURRENT DC-TO-DC CONVERTER 


TC962 


Capacitors 

In early charge pump converters, the capacitors were 
not considered critical due to the high Rds{on) of the MOS- 
FET switches. In order to understand this, let’s look at a 
model of a typical electrolytic capacitor (Figure 1). 

Note that one of Its characteristics is ESR (equivalent 
series resistance). This parasitic resistance winds up in 
series with the load. Thus, both voltage conversion effi¬ 
ciency and power conversion efficiency are compromised if 
a low ESR capacitor is not used. 

In the test circuit, for example, just changing two capaci¬ 
tors, Cp and Cr, from capacitors with unspecified ESR to low 
ESR-type output, impedance changes from 36Q to 28n, an 
improvement of 23%! 

This applies to all types of capacitors, including film 
types (polyester, polycarbonate, etc.). 

Some applications information suggest that the capaci¬ 
tor is not critical and attribute the limiting factor of the 
capacitor to its reactive value. Let's examine this: 


Xc = —and Zc= 

Zni C DS 

where DS (duty cycle) = 50%. 

Thus, Zc « at f = 12 kHz, where C = 10 pF. 



Figure 1 Typical Electrolytic Capacitor 


For the TC962, f = 12,000 Hz, and a typical value of C 
would be 10 pF. This is a reactive impedance of - 2.6W. If 
the ESR is as great as 5W, the reactive value is not as critical 
as it would first appear, as the ESR would predominate. 
The 5W value Is typical of a general-purpose electrolytic 
capacitor. 

Latch Up 

All CMOS structures contain a parasitic SCR. Care must 
be taken to prevent any input from going above or below the 
supply rail, or latch up will occur. The result of latch up is an 
effective short between V+s and V"s- Unless the power 
supply input has a current limit, this latch-up phenomena will 
result in damage to the device. (See Application Note 31 for 
additional Information.) 


TEST CIRCUIT 



TYPICAL APPLICATIONS 
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HIGH CURRENT DC-TO-DC CONVERTER 


TYPICAL APPLICATIONS (Cont.) 

Lowering Output Resistance by Paralleling Devices 



Positive Voltage Multiplier 



f-VouT 

CRlblOMF 



2V^-2V 
Cr—IOmF 


TYPICAL CHARACTERISTICS CURVES 

Supply Current vs Temperature 


Oscillator Frequency vs C^yj 



>60 >40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (“C) 


- 

—V*=15y lL = 20mA- 


^0 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE ^C) 



















HIGH CURRENT DC-TO-DC CONVERTER 


TC962 _ 

TYPICAL CHARACTERISTICS CURVES (Cont.) 



0l _I_I _^_ I I I ^^_I 

4.5 4.0 5.5 6.0 6.5 7.0 

ZENER VOLTAGE (V) 


Power Conversion Efficiency vs I load 



16 24 32 40 48 56 64 72 80 

LOAD CURRENT (mA) 


Output Resistance vs Input Voltage 



0 2 4 6 8 10 12 14 16 18 20 

INPUT VOLTAGE (V) 


BONDING DIAGRAM 
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^^TELEDYNE 

COMPONENTS 

_ 11 ^ 

HIGH SPEED PIN DRIVER 


FEATURES 


GENERAL DESCRIPTION 


■ Tristateable output 

■ Dual inputs 

■ Wide input voltage range 

■ Short-circuit protected 

APPLICATIONS 

■ Mixed signal test systems 

■ Instrumentation 


The 1120 is a high speed pin driver for use in mixed 
signal test systems. Typical swing is 20ns rise/fall time for 
10V step. This device features two logic-selectable inputs, 
both having unity gain. The output, with short-circuit current 
limiting, can also be configured for a tristate condition for 
testing I/O devices. 

The 1120 pin driver is available in a 24-pin ceramic 
package and is specified for operation over the 0°C to +70°C 
temperature range. 



FUNCTIONAL BLOCK DIAGRAM 


+V -V SUPPLY 



1010-1 
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HIGH SPEED PIN DRIVER 


1120 


PIN CONFIGURATION 


Pin 

No. 

Designation 

Pin 

No. 

Designation 



1 

+24V Supply 

24 

-24V Supply 



2 

NC 

23 

GND 







3 

INPUT A 

22 

Vhi INPUT 



•ooooooooooo 


4 

INPUTS 

21 

NC 



1 12 


5 

NC 

20 

GND 





6 

NC 

19 

OUT 

.800 



7 

NC 

18 

OUT 





8 

NC 

17 

GND 



24 13 


9 

INPUT C 

16 

NC 




UUUUUUUUUOUO 


10 

INPUT D 

15 

Vlo input 



11 

NC 

14 

GND 


^ 1.31 


12 

-24V Supply 

13 

+24V Supply 


^ (MAX) ^ 


NC = 

No internal connection 







ELECTRICAL CHARACTERISTICS: Tc = +25°C, ±Vcc = ±24V, unless otherwise indicated. 


Parameter 

Min 

Max 

Unit 

VHI Offset 1,2,3 

0.4 

0.7 

V 

VLO Offset 1,2,3 

0.4 

0.7 

V 

VHI Clamp Current 

— 

20 

mA 

VLO Clamp Current 

— 

20 

mA 

VHI Output Current 

30 

— 

mA 

VLO Output Current 

30 

— 

mA 

Tristate Impedance 

15 

— 

Mohms 

+ICC 

— 

50 

mA 

-ICC 

_ 

50 

mA 


LOGIC DIAGRAM: 


Input A 

Input B 

Input C 

Input D 

Output 

L 

H 

L 

H 

VHI IN 

H 

L 

H 

L 

VLO IN 

H 

L 

L 

H 

TRI STATE 

L 

H 

H 

L 

NOT ALLOWED 


H = ECL''1", L = ECL“0'' 
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^^^TELEDYNE 

COMPONENTS 


1.2A DUAL HIGH-SPEED MOSFET DRIVERS 


FEATURES 


GENERAL DESCRIPTION 


■ Low Cost 

■ Latch-Up Protected: Will Withstand 500 mA Reverse 


Output Current 

■ ESD Protected.±2 kV 

■ High Peak Output Current.1.2A Peak 

■ High Capacitive Load Drive 

Capability.1000 pF in 38 ns 

■ Wide Operating Range.4.5V to 16V 

■ Low Delay Time.75 ns Max 


■ Logic Input Threshold Independent of 
Supply Voltage 

■ Output Voltage Swing to Within 25 mV of 
Ground or V^^ 

■ Low Output Impedance.8Q 

APPLICATIONS 

■ Power MOSFET Drivers 

■ Switched Mode Power Supplies 

■ Pulse Transformer Drive 

■ Small Motor Controls 
B Print Head Drive 


The TC1426/27/28 are a family of 1.2A dual high-speed 
drivers. They are ideal for high-volume OEM manufacturers, 
with !atch-up protection, ESD protection, and a proprietary 
molding compound for high reliability. CMOS fabrication Is 
used for low power consumption and high efficiency. 

These devices are fabricated using an epitaxial layer to 
effectively short out the intrinsic parasitic transistor re¬ 
sponsible for CMOS latch-up. They incorporate a number of 
other design and process refinements to increase their long¬ 
term reliability. 

The TC1426 Is compatible with the bipolar DS0026, but 
only draws 1/5 of the quiescent current. The TCI 426/27/28 
are also compatible with the TC426/27/28, but with 1.2A 
peak output current rather than the 1.5A of theTC426/27/28 
devices. 

The high-input impedance TCI 426/27/28 drivers are 
CMOS/TTL input-compatible, do not require the speed-up 
needed by the bipolar devices, and can be directly driven by 
most PWM ICs. 

This family of devices Is available in inverting and non¬ 
inverting versions. Specifications have been optimized to 
achieve low-cost and high-performance devices, well-suited 
for the high-volume manufacturer. 
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TC1426 

TC1427 

TC1428 


1.2A DUAL HIGH-SPEED MOSFET DRIVERS 


ORDERING INFORMATION 


Part No. 

Package 

Configuration 

Range 

TC1426COA 

8-Pin SO 

Inverting 

O^C to +70®C 

TCU26CPA 

8-Pin 

Plastic DIP 

Inverting 

O'-C to +70°C 

TC1426EPA 

8-Pin 

Plastic DIP 

Inverting 

-40°C to -i-85‘’C 

TC1426EOA 

8-Pin 

SO 

Inverting 

-40^*0 to -»-85‘’C 

TC1427COA 

8-Pin SO 

Non-Inverting 

0®C to -f70‘’C 

TC1427CPA 

8-Pin 

Plastic DIP 

Non-Inverting 

0°C to -i-70°C 

TC1427EPA 

8-Pin 

Plastic DIP 

Non-Inverting 

-40‘’C to +85°C 

TC1427EOA 

8-Pin 

SO 

Non-Inverting 

-40°C to +85^C 

TC1428COA 

8-Pin SO 

Inverting and 
Non-Inverting 

0°Cto +70°C 

TC1428CPA 

8-Pin 

Plastic DIP 

Inverting and 
Non-Inverting 

0‘’C to -i-70“C 

TC1428EPA 

8-Pin 

Plastic DIP 

Inverting and 
Non-Inverting 

-40®G to -i-B5°C 

TC1428.EOA 

8-Pin 

SO 

Inverting and 
Non-Inverting 

-40°C to +85°C 


PIN CONFIGURATIONS 




Figure 1. Inverting Driver Switching Time 


Test Circuit 


INPUT o- 



>Vdd = 16V 

^wiiSa 

r MKS-2 




Cl =1000 pF 

\y 

TC1427 
(1/2 TCI 428) 


T 



Figure 2. Non-Inverting Driver Switching Time 
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1.2A DUAL HIGH-SPEED MOSFET DRIVERS 


TC1426 

TC1427 

TC1428 


ABSOLUTE MAXIMUM RATINGS (Notes 1,2 and 3) 


Power Dissipation 

Plastic DIP.1W 

SOIC.500 mW 

Derating Factor 

Plastic DIP.8 mW/®C 

SOIC.4 mW/°C 

Supply Voltage.18V 

Input Voltage, Any Terminal.Vg + 0.3V to GND -0.3V 

Operating Temperature: C Version. 0°C to +70°C 

: E Version.-40^C to +85‘^C 

Maximum Chip Temperature.+150X 

Storage Temperature.+65°C to +160°C 

Lead Temperature (10 sec).+300°C 


Stresses above those listed under “Absolute Maximum Ratings* may 
cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above 
those indicated inthe operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (T^ = 25°C with 4.5V ^ 16V unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V,H 

Logic 1, Input Voltage 


3 

— 

— 

V 


Logic 0, Input Voltage 


— 

— 

0.8 

V 

l,N 

Input Current 

V/ 

z 

> 

V/ 

> 

o 

-1 

— 

1 

pA 


Output 


VoH 

High Output Voltage 

Test Figures 1 and 2 

Vod-0.025 

— 

— 

V 

VoL 

Low Output Voltage 

Test Figures 1 and 2 

— 

— 

0.025 

V 

Ro 

Output Resistance 

V„ = 0.8V 

l„^ = 10mA,V„„ = 16V 

— 

12 

18 

Q 



V,« = 3V 

l„,, = 10mA,V„ = 16V 

— 

8 

12 

n 

^PK 

Peak Output Current 


— 

1.2 

— 

A 

1 

Latch-Up Current 

Withstand Reverse Current 

>500 

— 

— 

mA 


Switching Time (Note 1) 


'r 

Rise Time 

Test Figures 1 and 2 

— 

— 

35 

ns 

»F 

Fall Time 

Test Figures 1 and 2 

— 

— 

25 

ns 

^D1 

Delay Time 

Test Figures 1 and 2 

— 

— 

75 

ns 

^D2 

Delay Time 

Test Figures 1 and 2 

— 

— 

75 

ns 


Power Supply 


Is 

Power Supply Current 

V|^ = 3V (Both Inputs) 

— 

— 

9 

mA 



V,^ = OV (Both Inputs) 

— 

— 

0.5 

mA 


Note: 1. Switching times guaranteed by design. 
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TC1426 

TC1427 

TC1428 


1.2A DUAL HIGH-SPEED MOSFET DRIVERS 


ELECTRICAL CHARACTERISTICS 

(Over operating temperature range with 4.5V ^ ^ 16V unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V,„ 

Logic 1, Input Voltage 


3 

— 

— 

V 


Logic 0, Input Voltage 


— 

— 

0.8 

V 


Input Current 

§ 

> 

V/ 

2 

> 

Ml 

> 

o 

-10 

— 

10 

mA 


Output 


VoH 

High Output Voltage 

Test Figures 1 and 2 

Voo-0.025 

— 

— 

V 

V 

Low Output Voltage 

Test Figures 1 and 2 

— 

— 

0.025 

V 

Ro 

Output Resistance 

V,« = 0.8V 

l„,, = 10mA.V„ = 16V 

— 

15 

23 

Q. 



V,n = 3V 

l„„, = 10mA,V„ = 16V 

— 

10 

18 

Q 

I 

Latch-Up Current 

Withstand Reverse Current 

>500 

— 

— 

mA 


Switching Time 


»H 

Rise Time 

Test Figures 1 and 2 

-1 

— 

60 

ns 


Fall Time 

Test Figures 1 and 2 

_ 

— 

40 

ns 


Delay Time 

Test Figures 1 and 2 

— 

— 

125 

ns 

^D2 

Delay Time 

Test Figures 1 and 2 


— 

125 

ns 


Power Supply 


Is 

Power Supply Current 

V,^ = 3V (Both Inputs) 

— 


13 

mA 



V,^ = OV (Both Inputs) 

— 


0.7 

mA 


SUPPLY BYPASSING 

Large currents are required to charge and discharge 
large capacitive loads quickly. For example, charging a 
1000-pF load 16V in 25 ns requires an 0.8A current from the 
device power supply. 

To guarantee low supply impedance over a wide fre¬ 
quency range, a parallel capacitor combination is recom¬ 
mended for supply bypassing. Low-inductance ceramic 
MLC capacitors with short lead lengths (<0.5-ln.) should be 
used. A 1.0-|iF film capacitor in parallel with one or two 
0.1 -pF ceramic MLC capacitors normally provides adequate 
bypassing. 

GROUNDING 

The TCI426 and TCI428 contain inverting drivers. 
Ground potential drops developed in common ground im¬ 
pedances from input to output will appear as negative 
feedback and degrade switching speed characteristics. 

Individual ground returns for the input and output circuits 
or a ground plane should be used. 


INPUT STAGE 

The input voltage level changes the no-load or quies¬ 
cent supply current. The N-channel MOSFET input stage 
transistor drives a 2.5 mA current source load. With a logic 
“1" input, the maximum quiescent supply current is 9 mA. 
Logic "0" input level signals reduce quiescent current to 500 
pA maximum. Unused driver inputs must be connected 
to Vpp or GND. Minimum power dissipation occurs for logic 
"0" inputs for the TCI 426/27/28. 

The drivers are designed with 100 mV of hysteresis. 
This provides clean transitions and minimizes output stage 
current spiking when changing states. Input voltage 
thresholds are approximately 1.5V, making logic "1" input 
any voltage greater than 1.5V up to Input current is less 
than 1 pA over this range. 

The TCI 426/27/28 may be directly driven by the TL494, 
SGI526/27, TC38C42, TCI 70 and similar switch-mode 
power supply Integrated circuits. 
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1.2A DUAL HIGH-SPEED MOSFET DRIVERS 


TC1426 

TC1427 

TC1428 


TYPICAL CHARACTERISTIC CURVES 



Rise and Fall Times vs Temperature 



25 45 65 85 105 125 

TEMPERATURE (“C) 


Delay Time vs Temperature 


Supply Current vs Capacitive Load 



Rise Time vs Capacitive Load 



100 1000 10,000 
CAPACITIVE LOAD (pF) 


Fall Time vs Capacitive Load 



100 1000 10,000 
CAPACITIVE LOAD (pF) 


Supply Current vs Frequency 



10 100 1000 10,000 
FREQUENCY (kHz) 


6-7 











SUPPLY VOLTAGE (V) Rout (H) 


TC1426 

TC1427 

TC1428 


1.2A DUAL HIGH-SPEED MOSFET DRIVERS 


TYPICAL CHARACTERISTIC CURVES (Cont.) 


Low-State Output Resistance 



Vdd(V) 


Quiescent Power Supply 
Current vs Supply Voltage 


High-State Output Resistance 



Quiescent Power Supply 
Current vs Supply Voltage 



0 50 100 150 200 300 400 

SUPPLY CURRENT (pA) 



1 2 3 4 5 6 

SUPPLY CURRENT (mA) 


Package Power Dissipation 



25 50 75 100 125 150 

AMBIENT TEMPERATURE (“C) 


Crossover Energy Loss 

10-® r -^ -r- . - ..-T ' . T- .-T 

-Ty^=:+25°C - -- 



^Q.10 I-^^^^^-!-1 

4 6 8 10 12 14 16 18 

Vdd (V) 
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TC426 

TC427 

TC428 


^MELEDYNE 

COMPONENTS 


DUAL HIGH-SPEED POWER MOSFET DRIVERS 


FEATURES 

■ High-Speed Switching (Cl = 1000 pF).30 ns 

■ High Peak Output Current.1.5A 

■ High Output Voltage Swing. Vdd-25 mV 

GND+25 mV 

■ Low Input Current (Logic "0" or "1").1 

■ TTL/CMOS Input Compatible 

■ Available in Inverting and Noninverting 
Configurations 

■ Wide Operating Supply Voltage.4.5V to 18V 

■ Current Consumption 

— Inputs Low.0.4 mA 

— Inputs High.8 mA 

■ Single Supply Operation 

■ Low Output Impedance.6a 

■ Pinout Equivalent of DS0026 and MMH0026 

■ Latch-Up Resistant: Withstands >500 mA 
Reverse Current 

■ ESD Protected.2 kV 


GENERAL DESCRIPTION 

The TC426/TC427/TC428 are dual CMOS high-speed 
drivers. A TTL/CMOS input voltage level is translated into 
an output voltage level swing equaling the supply. The 
CMOS output will be within 25 mV of ground or positive 
supply. Bipolar designs are capable of swinging only within 
IV of the supply. 

The low impedance, high-current driver outputs will 
swing a 1000 pF load 18V in 30 ns. The unique current and 
voltage drive qualities make the TC426/TC427/TC428 ideal 
power MOSFET drivers, line drivers, and DC-to-DC con¬ 
verter building blocks. 

Input logic signals may equal the power supply voltage. 
Input current is a low 1 pA, making direct interface to 
CMOS/bipolar switch-mode power supply control ICs pos¬ 
sible, as well as open-collector analog comparators. 

Quiescent power supply current is 8 mA maximum. 
The TC426 requires 1/5 the current of the pin-compatible 
bipolar DS0026 device. This is important in DC-to-DC 
converter applications with power efficiency constraints 
and high-frequency switch-mode power supply applications. 
Quiescent current is typically 6 mA when driving a 1000 pF 
load 18V at 100 kHz. 

The inverting TC426 driver is pin-compatible with the 
bipolar DS0026 and MMH0026 devices. The TC427 is 
noninverting: the TC428 contains an inverting and non¬ 
inverting driver. 



1018-1 
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TC426 

TC427 

TC428 


ORDERING INFORMATION 


Part No. 

Package 

Configuration 

Temperature 

Range 

TC426CPA 

8-Pin PDIP 

Inverting 

0°C to +70°C 

TC427CPA 

8-Pin PDIP 

Noninverting 

0°C to +70°C 

TC428CPA 

8-Pin PDIP 

Complementary 

0°C to +70°C 

TC426COA 

8-Pin SOIC 

Inverting 

0°C to +70°C 

TC427COA 

8-Pin SOIC 

Noninverting 

0°Cto+70°C 

TC428COA 

8-Pin SOIC 

Complementary 

0°C to +70°C 

TC426IJA 

8-Pin CerDIP 

Inverting 

-25°C to +85°C 

TC427IJA 

8-Pin CerDIP 

Noninverting 

-25°C to +85°C 

TC428IJA 

8-Pin CerDIP 

Complementary 

-25°C to +85°C 

TC426EOA 

8-Pin SOIC 

Inverting 

-40°C to +85°C 

TC427EOA 

8-Pin SOIC 

Noninverting 

-40°C to +85°C 

TC428EOA 

8-Pin SOIC 

Complementary 

-40°C to +85°C 

TC426MJA 

8-Pin CerDIP 

Inverting 

-55“C to +125°C 

TC427MJA 

8-Pin CerDIP 

Noninverting 

-55°C to +125°C 

TC428MJA 

8-Pin CerDIP 

Complementary 

-55°C to +125°C 



Figure 1. Inverting Driver Switching Time Test Circuit 


DUAL HIGH-SPEED 
POWER MOSFET DRIVERS 


PIN CONFIGURATIONS (DIP and SO) 



Figure 2. Noninverting Driver Switching Time Test Circuit 
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DUAL HIGH-SPEED 
POWER MOSFET DRIVERS 

TC426 

TC427 

TC428 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage. 

Input Voltage, Any Terminal.... 
Power Dissipation 

Plastic. 

CerDIP. 

SOIC. 

Derating Factor 

Plastic. 

CerDIP. 

SOIC. 

Operating Temperature Range 

C Version. 

I Version. 

E Version. 

M Version. 


.+20V 

Vdd+ 0.3V to GND -0.3V 

.lOOOmW 

.800 mW 

.500 mW 

.8 mW/X 

.6.4 mWrC 

.4 mW/°C 

.0°C to +70°C 

.-25°C to +85°C 

.-40°C to +85°C 

.-55°C to +125^C 


Maximum Chip Temperature.-»-150°C 

Storage Temperature Range.-65®C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions forextended periods may 
effect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C with 4.5V ^ Vdd ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

_1 

Min 

Typ 

Max 

Unit 

Input 

V,H 

Logic 1, High Input Voltage 


2.4 

— 

— 

V 

V,L 

Logic 0, Low Input Voltage 


— 

— 

0.8 

V 

IlN 

Input Current 

Q 

Q 

> 

V/ 

z 

> 

V/ 

> 

o 

__1 

— 

1 

pA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Roh 

High Output Resistance 

louT =10 rnA, Vdd = 1 8V 

— 

10 

15 

Q 

Rol 

Low Output Resistance 

louT =10 mA, Vdd = 1 8V 

— 

6 

10 

Q. 

IPK 

Peak Output Current 


— 

1.5 

— 

A 

Switching Time (Note 1) 

tR 

Rise Time 

Test Figure 1 

— 

— 

30 

ns 

tF 

Fall Time 

Test Figure 1 

— 

__ 

20 

ns 

tD1 

Delay Time 

Test Figure 1 

— 

— 

50 

ns 

tD2 

Delay Time 

Test Figure 1 

— 

— 

75 

ns 

Power Supply 

Is 

Power Supply Current 

V(N = 3V (Both Inputs) 

— 

_ 

8 

mA 



V|N = OV (Both Inputs) 

— 

— 

0.4 

mA 
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TC426 

TC427 

TC428 


DUAL HIGH-SPEED 
POWER MOSFET DRIVERS 


ELECTRICAL CHARACTERISTICS: 

Over operating temperature range with 4.5V ^ Vdd 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

VlH 

Logic 1, High Input Voltage 


2.4 

— 

— 1 

V 

ViL 

Logic 0, Low Input Voltage 


— 

— 

0.8 

V 

l|N 

Input Current 

Q 

Q 

> 

w 

z 

> 

V/ 

> 

o 

-10 

— 

10 

pA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Roh 

High Output Resistance 

louT =10 mA, Vdd = 1 8V 

— 

13 

20 

n 

Rol 

Low Output Resistance 

louT =10 mA, Vdd = 1 8V 

— 

8 

15 

w 

Switching Time (Note 1) 

tR 

Rise Time 

Test Figure 1 

— 


60 

ns 

tF 

Fall Time 

Test Figure 1 

~ 

— 

40 

ns 

tDl 

Delay Time 

Test Figure 1 

— 

— 

75 

ns 

tD2 

Delay Time 

Test Figure 1 

— 


120 

ns 

Power Supply 

Is 

Power Supply Current 

ViN = 3V (Both Inputs) 

— 

_ 

12 

mA 



V|N = OV (Both Inputs) 

— 

— 

0.6 

mA 


NOTE: 1. Switching times guaranteed by design. 


SUPPLY BYPASSING 

Charging and discharging large capacitive loads quickly 
requires large currents. For example, charging a 1000-pF 
load 18V in 25 ns requires an 0.8A current from the device 
power supply. 

To guarantee low supply impedance over a wide fre¬ 
quency range, a parallel capacitor combination is recom¬ 
mended for supply bypassing. Low-inductance ceramic 
disk capacitors with short lead lengths (<0.5 In.) should be 
used. A 1 pF film capacitor in parallel with one or two 
0.1 |iF ceramic disk capacitors normally provides adequate 
bypassing. 

GROUNDING 

The TC426 and TC428 contain inverting drivers. Ground 
potential drops developed in common ground Impedances 
from input to output will appear as negative feedback and 
degrade switching speed characteristics. 

Individual ground returns for the input and output circuits 
or a ground plane should be used. 


INPUT STAGE 

The input voltage level changes the no-load or quies¬ 
cent supply current. The N-channel MOSFET Input stage 
transistor drives a 2.5 mA current source load. With a logic 
"1“ input, the maximum quiescent supply current is 8 mA. 
Logic "0" input level signals reduce quiescent current to 
0.4 mA maximum. Minimum power dissipation occurs for 
logic ''0“ inputs for the TC426/427/428. Unused driver 
inputs must be connected to Vdd or GND. 

The drivers are designed with 100 mV of hysteresis. 
This provides clean transitions and minimizes output stage 
current spiking when changing states. Input voltage thresh¬ 
olds are approximately 1.5V, making the device TTL com¬ 
patible over the 4.5V to 18V supply operating range. Input 
current is less than 1 |jA over this range. 

The TC426/427/428 may be directly driven by the 
TL494. SG1526/1527. SG1524, SE5560, and similar switch¬ 
mode power supply integrated circuits. 
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DUAL HIGH-SPEED 
POWER MOSFET DRIVERS 

TC426 

TC427 

TC428 


POWER DISSIPATION 

The supply current vs frequency and supply current vs 
capacitive load characteristic curves will aid in determining 
power dissipation calculations. 

The TC426/427/428 CMOS drivers have greatly re¬ 
duced quiescent DC power consumption. Maximum qui¬ 
escent current is 8 mA compared to the DS0026 40 mA 
specification. For a 15V supply, power dissipation is typi¬ 
cally 40 mW. 

Two other power dissipation components are: 

• Output stage AC and DC load power. 

• Transition state power. 

Output stage power is: 

Po = Pdc + PAC 

= Vo (Idc) + f Cl Vs 

Where: 

Vo = DC output voltage 

Idc = DC output load current 

f = Switching frequency 

Vs = Supply voltage 


In power MOSFET drive applications the Pdc term is 
negligible. MOSFET power transistors are high imped¬ 
ance, capacitive input devices. In applications where re¬ 
sistive loads or relays are driven, the Pdc component will 
normally dominate. 

The magnitude of Pac is readily estimated for several 


cases: 




A. 


B. 


I.f 

= 20kHZ 

I.f 

= 200 kHz 

2. Cl 

=1000pf 

2. Cl 

=1000pf 

3. Vs 

= 18V 

3. VS 

=15V 

4. Pac 

= 65 mW 

4. Pac 

= 45 mW 


During output level state changes, a current surge will 
flow through the series connected N and P channel output 
MOSFETS as one device is turning "ON" while the other is 
turning "OFF". The current spike flows only during output 
transitions. The input levels should not be maintained be¬ 
tween the logic "0" and logic "1" levels. Unused driver in¬ 
puts must be tied to ground and not be allowed to float. 
Average power dissipation will be reduced by minimizing 
input rise times. As shown in the characteristic curves, 
average supply current is frequency dependent. 


TYPICAL CHARACTERISTICS CURVES 


Rise and Fall Times vs 
Supply Voltage 



5 10 15 

SUPPLY VOLTAGE (V) 


20 
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DUAL HIGH-SPEED 
POWER MOSFET DRIVERS 

TC426 

TC427 

TC428 


TYPICAL CHARACTERISTICS CURVES (Cont.) 


Delay Times vs Temperature 


Supply Current vs 
Capacitive Load 


Rise and Fail Times vs 
Capacitive Load 




100 1000 
CAPACITIVE LOAD (pF) 

High Output vs Voltage 


10K 


20 


d 

d 

o 

>“ 



10 100 
FREQUENCY (kHz) 


10 20 30 40 50 60 70 80 90 100 
CURRENT SOURCED (mA) 


^ 0.96 


O 

< 0.72 



100 1000 
CAPACITIVE LOAD (pF) 

Low Output VS Voltage 


10K 


g 

IIM 

■ 

g 

3 

mm 


i 

m 

■ 

■ 

■ 

1 

m 

IQI 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

la 

■ 


■ 

■ 

■ 

■ 

■ 


a 

■ 

1 


■ 

■ 

■ 

■ 

■ 

Ql 

■ 

■ 

P 

■ 

■ 

■ 

■ 


■ 

■ 

IB 



■ 

■ 

■ 

gj 

■ 






■ 

■ 

Ql 

i 

ss 

S 

■ 

■ 



■ 

B 

IS 

si 

■ 

■ 

■ 

■ 




a 

m 

■ 


■ 

■ 

■ 




10 20 30 40 50 60 70 80 90 100 
CURRENT SUNK(mA) 


Supply Voltage vs 
Quiescent Supply Current 



SUPPLY CURRENT (mA) 


Supply Voltage vs 
Quiescent Supply Current 



0 50 100 150 200 250 300 

SUPPLY CURRENT (pA) 


Package Power Dissipation 



25 50 75 100 125 150 

AMBIENT TEMPERATURE (“C) 
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DUAL HIGH-SPEED 
POWER MOSFET DRIVERS 


VOLTAGE DOUBLER 









NOTES 



^^^^TELEDYNE 

COMPONENTS 

TC429 


SINGLE HIGH-SPEED, CMOS POWER MOSFET DRIVER 


FEATURES 


GENERAL DESCRIPTION 


■ High Peak Output Current.6A 

■ Wide Operating Range.7V to 18V 


■ High-Impedance CMOS Logic Input 

■ Logic input Threshold Independent of 
Supply Voltage 

■ Low Supply Current 

— With Logic 1 Input.5 mA Max 

— With Logic 0 Input.0.5 mA Max 

■ Output Voltage Swing Within 25 mV of Ground 
or Vdd 

■ Low Delay Time.75 ns Max 

■ High Capacitive Load Drive Capability 

— tfiisEj tpALL = 35 ns Max With Cload = 2500 pF 

APPLICATIONS 

■ Switch-Mode Power Supplies 

■ CCD Drivers 

■ Pulse Transformer Drive 

■ Class D Switching Amplifiers 


The TC429 is a high-speed, single CMOS-level transla¬ 
tor and driver. Designed specifically to drive highly capaci¬ 
tive power MOSFET gates, the TC429 features 2.5Q. output 
impedance and 6A peak output current drive. 

A 2500 pF capacitive load will be driven 18V in 25 ns. 
Delay time through the device is 60 ns. The rapid switching 
times with large capacitive loads minimize MOSFET transi¬ 
tion power loss. 

A TTL/CMOS input logic level is translated into an 
output voltage swing that equals the supply and will swing 
to within 25 mV of ground or Vdd- Input voltage swing may 
equal the supply. Logic input current is under 10 joA, making 
direct interface to CMOS/bipolar switch-mode power supply 
controllers easy. Input "speed-up" capacitors are not 
required. 

The CMOS design minimizes quiescent power supply 
current. With a logic 1 input, power supply current is 5 mA 
maximum and decreases to 0.5 mA for logic 0 inputs. 

For dual devices, see the TC426/TC427/TC428 data 
sheet. 

For noninverting applications, or applications requiring 
latch-up protection, see the TC4420/TC4429 data sheet. 




1019-1 
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SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 


TC429 


ORDERING INFORMATION 


ABSOLUTE MAXIMUM RATINGS 


Part No. 

Package 

Temperature 

Range 

TC429CPA 

8-Pin Plastic DIP 

0°C to +70°C 

TC429IJA 

8-Pin CerDIP 

-25°C to +85''C 

TC429EPA 

8-Pin Plastic DIP 

-40°C to +85‘>C 

TC429MJA 

8-Pin CerDIP 

-55°C to +125'>C 

TC429Y 

Chip 

+25°C 

PIN CONFIGURATION 

1-1 


VddQI 

INPUT [1^ 
NC [T^ 
GND 


PM 


TC429 


I g- I VpD 

71 OUTPUT 
6 I OUTPUT 
5 I GND 


NC = NO INTERNAL CONNECTION 

NOTE; Duplicate pins must both be connected for proper operation. 


Supply Voltage.+20V 

Input Voltage, Any Terminal. Vdd +0.3V to GND -0.3V 

Power Dissipation 

Plastic.500 mW 

CerDIP.800 mW 

Derating Factors 

Plastic.5.6 mW/°C Above 36°C 

CerDIP.6 mW/^C 


Operating Temperature Range 

C Version.0°C to +70°C 

I Version..-25°C to +85°C 

E Version.-40°C to +85°C 

M Version.-55°C to +125X 

Maximum Chip Temperature.+150°C 

Storage Temperature Range.-65®C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS; Ta = +25°C with 7V < Vqd ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

ViH 

Logic 1, High Input Voltage 


2.4 

1.8 

— 

V 

V|L 

Logic 0, Low Input Voltage 


— 

1.3 

0.8 

V 

l|N 

Input Current 

OV < V|N < Vdd 

-10 

— 

10 

pA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


— 


0.025 

V 

Ro 

Output Resistance 

V|N = 0.8V 

— 

1.8 

2.5 

D 



Iqut =10 rnA, Vdd = 1 8V 







Vin = 2.4V 


1.5 

2.5 

a 



louT =10 mA, Vdd = 1 8V 





IpK 

Peak Output Current 

Vdd = 18V (See Figure 3) 

— 

6 

— 

A 

Switching Time (note 1) 

tR 

Rise Time 

Figure 1, Cl = 2500 pF 

1 

23 

35 1 

ns 

tp 

Fall Time 

Figure 1, Cl = 2500 pF 

— 

25 

35 

ns 

tD1 

Delay Time 

Figure 1 


53 

75 

ns 

tD2 

Delay Time 

Figure 1 

— 

60 

75 

ns 

Power Supply 

Is 

Power Supply Current 

Vin = 3V 

— 

3.5 

5 

mA 



< 

z 

It 

o 

< 

__ 

0.3 

0.5 

mA 


NOTES: 1. Switching times guaranteed by design. 
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SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 


ELECTRICAL CHARACTERISTICS: Over operating temperature with TV < Vdd < 18V, unless otherwise specified. 


Symbol 

Input 

ViH 

_V|L_ 

l|N 

Output 

Vqh 

Vql 

Ro 


Parameter 

Logic 1, High Input Voltage 
Logic 0, Low Input Voltage 
Input Current 

High Output Voltage 
Low Output Voltage 
Output Resistance 


Test Conditions 


OV < V|N ^ Vdd 


V|N = 0.8V 

louT =10 rriA, Vdd = 1 8V 


Min 

2.4 

-10 

Vdd-0.025 


Typ I Max | U 

— I — I V 

— 0.8 V 


V|N = 2.4V 

— 

— 

5 

C 

[ 

louT =10 mA, Vdd = 1 8V 






Switching Time (Note 1) 






tR Rise Time Figure 1, Cl = 2500 pF 

— 

— 

70 

n 

s 

tp Fall Time Figure 1, Cl = 2500 pF 

— 

I — 

70 

n 

s 

tDi Delay Time Figure 1 

— 

— 

100 

n 

s 

tD 2 Delay Time Figure 1 

— 

— 

120 

n 

s 

Power Supply 


Is Power Supply Current V|n = 3V 

— 

— 

12 

nr 

iA 

> 

o 

II 

2 

> 

— 

— 

1 

nr 

iA 


NOTE: 1. Switching times guaranteed by design. 


SWITCHING SPEED 


TC429 

14 rr 


1 MF ^ 0.1 MF 


—O OUTPUT 
Cl= 2500 pF 


0.4V 


18V 

OUTPUT 

OV 




Figure 1 Inverting Driver Switching Time Test Circuit 





































SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 


TC429 _ 

TYPICAL CHARACTERISTICS CURVES 

Rise/Fall Times vs. Supply Voltage Rise/Fall Times vs. Temperature Rise/Fall Times vs. Capacitive Load 



SUPPLY VOLTAGE (V) TEMPERATURE (“C) CAPACITIVE LOAD (pF) 


Supply Current vs. Capacitive Load 



CAPACITIVE LOAD (pF) 


Delay Times vs. Temperature Delay Times vs. Supply Voltage 



TEMPERATURE (“C) SUPPLY VOLTAGE (V) 


Supply Current vs. Frequency Supply Current vs. Supply Voltage Supply Current vs. Temperature 



FREQUENCY (kHz) SUPPLY VOLTAGE (V) TEMPERATURE (°C) 
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SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 


TC429 


TYPICAL CHARACTERISTICS CURVES (Cont.) 

High Output Voltage vs. Current 


Voltage Transfer Characteristics 
20 


LU 

O 

< 

h- 

o 10 
> 


g ^ 


Ta=+25‘’C 


HYSTERISIS 
^310 mV 


300 mV 


200 mV 


0 0.25 0.50 0.75 1 1.25 1.50 1.75 2 

INPUT VOLTAGE (V) 



Low Output Voltage vs. Current 



20 40 60 80 100 

CURRENT SOURCED (mA) 


20 40 60 80 

CURRENT SUNK (mA) 


SUPPLY BYPASSING 

Charging and discharging large capacitive loads quickly 
requires large currents. For example, charging a 2500 pF 
load 18V in 25 ns requires a 1.8A current from the device's 
power supply. 

To guarantee low supply impedance over a wide fre¬ 
quency range, a parallel capacitor combination is recom¬ 
mended for supply bypassing. Low-inductance ceramic 
disk capacitors with short lead lengths (<0.5 in.) should be 
used. A1 pF film capacitor in parallel with one or two 0.1 pF 
ceramic disk capacitors normally provides adequate by¬ 
passing. 

GROUNDING 

The high-current capability of the TC429 demands 
careful PC board layout for best performance. Since the 
TC429 is an inverting driver, any ground lead impedance will 
appear as negative feedback which can degrade switching 
speed. The feedback is especially noticeable with slow rise¬ 
time Inputs, such as those produced by an open-collector 
output with resistor pull-up. The TC429 input structure 
includes about 300 mV of hysteresis to ensure clean transi¬ 
tions and freedom from oscillation, but attention to layout is 
still recommended. 

Figure 2 shows the feedback effect In detail. As the 
TC429 input begins to go positive, the output goes negative 
and several amperes of current flow in the ground lead. As 
little as 0.05Q of PC trace resistance can produce hundreds 
of millivolts at the TC429 ground pins. If the driving logic Is 
referenced to power ground, the effective logic input level is 
reduced and oscillations may result. 



To ensure optimum device performance, separate ground 
traces should be provided for the logic and power connec¬ 
tions. Connecting logic ground directly to the TC429 GND 
pins ensures full logic drive to the input and fast output 
switching. Both GND pins should be connected to power 
ground. 

INPUT STAGE 

The input voltage level changes the no-load or quiescent 
supply current. The N-channel MOSFET input stage transis¬ 
tor drives a 3 mA current source load. With a logic "1" input, 
the maximum quiescent supply current is 5 mA. Logic "0" 
input level signals reduce quiescent current to 500 pA maxi¬ 
mum. 
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SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 


TC429 


The TC429 input is designed to provide 300 mV of 
hysteresis, providing clean transitions and minimizing out¬ 
put stage current spiking when changing states. Input volt¬ 
age levels are approximately 1.5V, making the device TTL 
compatible over the 7V to 18V operating supply range. Input 
current is less than 10 |iA over this range. 

The TC429 can be directly driven by TL494, SG1526/ 
1527, SGI 524, SE5560 or similar switch-mode power sup¬ 
ply integrated circuits. By off-loading the power-driving 
duties to the TC429, the power supply controller can operate 
at lower dissipation, improving performance and reliability. 

POWER DISSIPATION 

CMOS circuits usually permit the user to ignore power 
dissipation. Logic families such as the 4000 and 74C have 
outputs that can only supply a few milliamperes of current, 
and even shorting outputs to ground will not force enough 
current to destroy the device. The TC429, however, can 
source or sink several amperes and drive large capacitive 
loads at high frequency. The packgae power dissipation limit 
can easily be exceeded. Therefore, some attention should 
be given to power dissipation when driving low Impedance 
loads and/or operating at high frequency. 

The supply current versus frequency and supply current 
versus capacitive load characteristic curves will aid in deter¬ 
mining power dissipation calculations. Table I lists the maxi¬ 
mum operating frequency for several power supply voltages 
when driving a 2500 pF load. More accurate power dissipa¬ 
tion figures can be obtained by summing the three power 
sources. 

Input signal duty cycle, power supply voltage, and 
capacitive load influence package power dissipation. Given 
power dissipation and package thermal resistance, the 
maximum ambient operation temperature is easily calcu¬ 
lated. The 8-pin cerDIP junction-to-ambient thermal resis¬ 
tance is 150°C/W. At +25°C, the package is rated at 800 mW 
maximum dissipation. Maximum allowable chip tempera¬ 
ture is +150°C. 

Three components make up total package power dissi¬ 
pation: 

(1) Capacitive load dissipation (Pc) 

(2) Quiescent power (Pq) 

(3) Transition power (Pj) 

The capacitive load-caused dissipation is a direct func¬ 
tion of frequency, capacitive load, and supply voltage. The 
package power dissipation is: 

Pc=fCVs2, 

where: f = Switching frequency 
C = Capacitive load 
Vs = Supply voltage. 


Quiescent power dissipation depends on Input signal 
duty cycle. A logic low input results in a low-power dissipa¬ 
tion mode with only 0.5 mA total current drain. Logic high 
signals raise the current to 5 mA maximum. The queiscent 
power dissipation is: 

Pq = Vs (D (Ih) + (1-D)Il). 

where: Ih = Quiescent current with input high (5 mA max) 
II = Quiescent current with input low (0.5 mA max) 

D = Duty cycle. 

Transition power dissipation arises because the output 
stage N- and P-channel MOS transistors are "on" simulta¬ 
neously for a very short period when the output changes. 
The transition package power dissipation is approximately: 
PT = fVs(3 3 10-9). 

An example shows the relative magnitude for each item. 
Example 1: 

C =2500pF 
Vs =15V 
D =50% 
f = 200 kHz 

Pd = Package power dissipation = Pc + Pj + Pq 
= 113 mW + 90 mW + 26 mW 
= 229 mW. 

Maximum operating temperature = Tj - 9 ja (Pd) 

= 115°C, 

where: Tj = Maximum allowable junction temperature 
(+150°C) 

0JA = Junction-to-ambient thermal resistance 
(50X/W, CerDIP). 

NOTE: Ambient operating temperature should not exceed +85°C for 
IJA devices or +125°C for MJA devices. 
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SINGLE HIGH-SPEED, CMOS 
POWER MOSFET DRIVER 


TC429 


Table I. Maximum Operating Frequencies 



Vs 

fMax 


18V 

500 kHz 


15V 

700 kHz 


10V 

1.3 MHz 


5V 

>2 MHz 


CONDITIONS: 1. CerDIP Package (Gja = 150°C/W) 

2. Ta=+25°C 

3. CL = 2500pF 



25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


Peak Output Current Capability 



TIME (sps/oiv) 


POWER-ON OSCILLATION 



Chip Pad Layout 
INPUT (2) 



OUTPUT OUTPUT 
(7) 


104 mil 


It is extremely important that all MOSFET DRIVER 
applications be evaluated for the possibility of having 
HIGH-POWER OSCILLATIONS occurring during the 
POWER-ON cycle. 

POWER-ON OSCILLATIONS are due to trace size and 
layout as well as component placement. A ‘quickfix’ for most 
applications which exhibit POWER-ON OSCILLATION 
problems Is to place approximately 10 kQ in series with the 
input of the MOSFET driver. 
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COMPONENTS 


TC430 


FAST CMOS CCD DRIVER 


FEATURES 


APPLICATIONS 


CCD Driver 
MOSFET Driver 
Laser Diode Driver 
Differential Line Driver 
PIN Diode Driver 
Level Shifting Driver 

■ Level Shifting for Split-Supply Operation 

■ Guaranteed Skew 

■ Complementary Outputs 

■ 10 MHz Operation With Adequate Heat Sink 

■ Drives 1000 pF at 4 MHz, in CerDIP With No 
External Heat Sink (10V Vdd- Vss) 


■ Low Output Impedance.511 Max 

■ Low Quiescent Current.5 mA Max 


■ Operating Range.4.5V ^ (Vdd “ Vss) 12V ■ 

■ TTL/CMOS-Compatibie Inputs ■ 

■ Low Delay Time.15nsTyp ■ 

■ Rise and Fall Times.2200 pF Load, 25 ns Typ ■ 

■ Peak Output Current.3A ■ 

■ Output Can Be Floated Below Digital Return ■ 


FUNCTIONAL DIAGRAM 


Vdd 
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FAST CMOS CCD DRIVER 


TC430 


GENERAL DESCRIPTION 

The TC430 is a super-fast CMOS power driver for 
driving CCDs and other loads. The TC430 operates at 
frequencies to 10 MHz and drives loads greater than 2200 pF. 
Peak current output is 3A. 

The input is TTL7CMOS compatible. Digital return and 
output return can be at different voltages, allowing operation 
with output swings between positive and negative supplies 
without sacrificing AC performance when driven from TTL. 
The ability to swing negative is important when driving CCD 
devices. 

The output stages have been designed so the rising 
edge of one output crosses the 50% point of the transition 
within 5 ns of the other. This makes the TC430 ideal for 
driving CCDs and achieving high contrast images. 

CMOS construction achieves low quiescent power (less 
than 5 mA at 15V and 25°C) and low input current require¬ 
ments. This device requires fewer external components 
than bipolar devices like the DS0026 which need external 
speed-up capacitors. 

BONDING DIAGRAM 


NOTES: 

1. Back of die is common to Vdd- 

2. Bak if die is not metalized 



ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

TC430CPA 

8-Pin Plastic 

O^Cto+TO^C 

TC430IJA 

8-Pin CerDIP 

-25°C to -i-85“C 

TC430MJA 

8-Pin CerDIP 

-55‘»C to-i-125'’C 

PIN CONFIGURATION 

1-1 


DIGITAL rr 
GROUND LL 

INPUT |T 

^sslZ 

NC [T 


TC430 


'a] NC 

U Vqi (Q) 
I]Vdd 
U Vo2 (Q) 
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FAST CMOS CCD DRIVER 


TC430 


ABSOLUTE MAXIMUM RATINGS 


Power Dissipation at +25°C 

Plastic.1000 mW 

CerDIP.800 mW 

Derating Factors 

Plastic.8 mW/'^C 

CerDIP.6.4mW/'»C 

Supply Voltage .Vdd - Vss 15V 

Vqd - Vdr 15V 

Input Voltage, Any Terminal .Vdd +0.3V 

Operating Temperature Range 

M Version. ~55°C to +125°C 

I Version.-25°C to +85°C 

C Version.0°C to +70°C 

Maximum Chip Temperature.150°C 


Storage Temperature Range. -65°C to +150°C 

Lead Temperature (Soldering, 10 sec).300°C 

CerDIP R©.ja.150°C/W 

Plastic Re^A .125°C/W 

ESD Protection.2000V 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C with 4.5V « (Vdd - Vdr) « 12V, 4.5V « (Vdd - Vss) < 12V 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

V,H 

Logic 1, High Input Voltage 


2.4 

1.6 


V 

V|L 

Logic 0, Low Input Voltage 



1.3 

0.8 

V 

l|N 

Input Current 

OV V|N ^ Vdd 

-10 


10 

pA 

VOH 

High Output Voltage 


Vdd-0.025 



V 

VoL 

Low Output Voltage 




Vss+0.025 

V 

Ro 

Output Resistance 

V|N = OV, louT =10 mA, Vss = OV, 

Vdd=12V 



5 

Q 



V|N = 3V, louT =10 mA, Vss = OV, 

Vdd = 12V 


3 

5 

Q 

IpK 

Peak Output Current 

Vdd=12V 


3 


A 

tSKEWI 

Output Pulse Skew 

Figure 2 


3 

5 

ns 

tsKEW2 

Output Pulse Skew 

Figure 2 


3 

5 

ns 

tR 

Rise Time 

Figure 1 

Cl = 2200 pF. Vdd = 12V 


22 

30 

ns 

tp 

Fall Time 

Figure 1 

Cl = 2200pF, Vdd = 12V 


22 

30 

ns 

tD1 

Delay Time 

Figure 1 


is"" 

25 

ns 

tD2 

Delay Time 

Figure 1 


18 

25 

ns 

Is 

Quiescent Power Supply 
Current 

> > 
o o 

II II 

CO CO 
CO CO 
> > 

> > 
CM CM 

II II 

Q Q 
Q Q 
> > 

> > 
CO o 

11 II 
z z 
> > 


2.9 

5 

0.3 

mA 

mA 


NOTE: Switching times are guaranteed by design. 
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FAST CMOS CCD DRIVER 


TC430 


ELECTRICAL CHARACTERISTICS: 4.5V « (Vdo-Vqr) =s 12V; 4.5V ^ (Vdd - Vss)« 12V. Ta =-55°C to +125''C 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

ViH 

Logic 1, High Input Voltage 


2.4 



V 

V|L 

Logic 0, Low Input Voltage 




0.8 

V 

l|N 

Input Current 

OV ^ V|N ^ Vdd 

-10 


10 

^lA 

VoH 

High Output Voltage 


Vdd-0.025 



V 

VoL 

Low Output Voltage 




Vss+0.025 

V 

Ro 

Output Resistance 

V|N = OV, Iqut =10 mA, Vss = OV, 

Vdd = 12V 


4.5 

7 

Q 



ViN = 3V, Iqut =10 mA, Vss = OV, 

Vdd = 12V 


4.5 

7 

a 

IPK 

Peak Output Current 

Vdd = 12V 


3 


A 

tSKEWI 

Output Pulse Skew 

Figure 2 


5 

10 

ns 

tSKEW2 

Output Pulse Skew 

Figure 2 


5 

10 

ns 

tp 

Rise Time 

Figure 1 

Cl = 2200pF, Vdd = 12V 



40 

ns 

tp 

Fall Time 

Figure 1 

Cl = 2200 pF, Vdd = 12V 



40 

ns 

tD1 

Delay Time 

Figure 1 



35 

ns 

tD2 

Delay Time 

Figure 1 



35 

ns 

Is 

Quiescent Power Supply 

ViN = 3V, Vdd = 1 2V, Vss = OV 


5 

8 

mA 


Current 

ViN = 0V, Vdd=12V,Vss=0V 



0.5 

mA 


NOTE: Switching times are guaranteed by design. 
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FAST CMOS CCD DRIVER 


TC430 


TEST CIRCUIT 


Vdd(+Vin) 



APPLICATIONS INFORMATION 
Functional Description 

The TC430 is fabricated with a super-fast silicon gate 
process. The input stage consists of a Schmitt trigger 
which drives a level shift circuit. The level shift circuit allows 
the input signal to be referenced to some point other than 
the output return, pin 3 (Vss)- This allows the output to swing 
positive and negative relative to the digital return (pin 1). 

The output stage is a low-impedance MOSFET totem 
pole that can source or sink currents up to 3A peak. This type 
of output can swing to within millivolts of either rail when 
driving capacitive loads. Output rise times are on the order 
of 3 ns, while propagation delays are in the 15 ns region. 

Application Tips 

Due to Its high speed and short transition times, proper 
layout of the PC board is critical. See Application Note 28 
for further information on the effects of layout. 

Additional precautions that must be made in addition to 
those in Application Note 28 are: 

(1) Decoupling between the digital return and Vdd is 
critical. 


(2) A minimum 4.5V must be maintained between 
digital return and Vdd- 

(3) Decoupling between Vdd and Vss is critical. 

(4) Single-point (star) ground systems should be used. 

For decoupling between digital return and Vdd [itern (1) 

above] a 1 pF 50V polyester film cap (such as a Wima 
MKS-2) in parallel with a multilayer ceramic 0.1 pF 50 X7R 
(such as an AVX dip guard) will work well. These capaci¬ 
tors have to be mounted as close as possible to the respec¬ 
tive pins on the TC430 to minimize circuit Inductance. 

Circuits that are improperly decoupled will exhibit oscil¬ 
lations on the output. 

A minimum 4.5V between digital return and Vdd [item 
(2) above] is necessary to ensure that the level shifting and 
hysteresis circuits have enough voltage to function prop¬ 
erly. Put another way, the input circuit is referenced to the 
positive supply, not the negative supply. 

Decoupling of the Vss to Vdd [itern (3) above] is impor¬ 
tant because of the high peak current capability of the 
output of the TC430. The suggested decoupling is a low 
ESR polyester film capacitor (such as the 1 pF 50V MKS- 
2) and a ceramic capacitor (such as the AVX 0.1 pF 50V 
dip guard). 
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Vdd 


NOTE: Digital return tied to Vss- 


Rise/Fall Times vs Temperature 



TEMPERATURE (°C) 


NOTE: Digital return tied to Vss- 


FAST CMOS CCD DRIVER 



qI _I _ ^^^^ _ I_^_I_I _I 

-60 -40 -20 0 20 40 60 80 100 120 140 

TEMPERATURE (°C) 

NOTE: Digital return tied to Vss- 


Supply Current vs Frequency 



FREQUENCY (MHz) 













FAST CMOS CCD DRIVER 


TC430 


The parallel combination of the two capacitors forms a 
low-impedance source of power across a broad frequency 
range for the output stage. This will ensure that for any load 
and frequency of operation the output will be as "clean" as 
is practical. 

The use of single-point grounds [item (4) above] is very 
critical. Due to the high peak currents that the TC430 is 
capable of generating, any additional trace or wire length 
can cause L di/dt drops that can effect the output and in the 
extreme cause the device to fail due to voltage breakdown. 

Application Note 28 explains parasitic inductance prob¬ 
lems further. 

Operation From a Single Supply 

If the TC430 is operated from a single supply voltage, 
the digital return pin must be tied to the Vss pin. This elimi¬ 
nates the need for the decoupling capacitors from Vdd to 
digital return. 

Load Return Path 

It is very important to return the load currents directly to, 
and in the shortest possible distance to Vss. pin 3. Again, this 
is due to the parasitic inductance of the PC board trace or 
wire. The test circuit shows how the load capacitors, Cload. 
are returned to the same point as the decoupling capacitors 
which is directly on pin 3. 



4 6 8 10 12 14 16 

^SUPPLY 


Input Signal Considerations 

The amplitude of the input signal has a significant 
effect on the propagation delay through the 1C. 

While the device can be driven with a signal as small 
as 2V, propagation delays will be in the 40 ns region. If the 
input is increased to 5V, delays will be in the 15 ns region. 

The input stage of the TC430 is a MOSFET gate. Thus, 
it is of high impedance and requires little drive current. This 
eliminates the need for speed-up capacitors as with older 
bipolar parts. The use of speed-up capacitors is not recom¬ 
mended, as they can cause voltage-doubling effects that 
can be detrimental to the life of the device. 


Table I Maximum Operating Frequency 


Vs 

Max Frequency 

12V 

4 MHz 

10V 

9.1 MHz 

5V 

20 MHz 

Conditions: 1. 

CerDIP Package (0ja = 150°C/W) 


2. Ta = 25°C 

3. No load 



AMBIENT TEMPERATURE (X) 
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FAST CMOS CCD DRIVER 


TC430 

APPLICATIONS 



6-32 



"P^^TELEDYNE 

COMPONENTS 


TC4401 


6A OPEN-DRAIN MOSFET DRIVER 

FEATURES 

■ Independently-Programmable Rise and Fall Times 

■ High Peak Output Current.6A Peak 

■ Low Output Impedance.2.5Q Typ 

■ High Speed tp, tp .<30 ns with 1800 pF Load 

■ Short Delay Times.55ns Typ 

■ Wide Operating Range...4.5V to 18V 

APPLICATIONS 

■ Motor Controls 

■ SelTCommutating MOSFET Bridge Driver 

■ Driving Bipolar Transistors 

■ Driver for Nonoverlapping Totem Poles 

■ Reach-Up/Reach-Down Driver 

RUGGED 

■ Tough CMOS Construction 

■ Latch-Up Protected: Will Withstand >1.5 mA 
Reverse Current (Either Polarity) 

■ Input Withstands Negative Swings Up to -5V 

■ ESD Protected.4kV 


GENERAL DESCRIPTION 

The TC4401 is a CMOS buffer-driver constructed with 
complementary MOS outputs, where the drains of the final 
output totem pole have been left disconnected so indi¬ 
vidual connections can be made to the pull-up and pull¬ 
down sections of the output. This allows the insertion of 
individual drain current-limiting resistors in the pull-up and 
pull-down sections of the output, thus allowing the user to 
define the rates of rise and fall times desired for a capaci¬ 
tive load, or a reduced output swing if driving a resistive 
load, or to limit base current when driving a bipolar transistor. 
Minimum rise and fall times, with no resistors, will be less 
than 30 ns for a 2500-pF load. There is no upper limit. 

For driving MOSFETs in motor-control applications, 
where slow-on/fast-off operation Is desired, the TC4401 is 
superior to the previously-used technique of adding a diode- 
resistor combination between the driver output and the 
MOSFET, because it allows accurate control of turn-on, 
while maintaining fast turn-off and maximum noise immunity 
for the device being driven. 

When used to drive bipolar transistors, this driver 
maintains the high speeds common to other Teledyne 
drivers and allows insertion of a base current-limiting 
resistor, while providing a separate half-output for fast turn¬ 
off. By proper positioning of the resistor, either npn or pnp 
transistors can be driven. 


FUNCTIONAL DIAGRAM 



INPUT 
C = 38 pF 


1021-1 (4397) 
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6A OPEN-DRAIN MOSFET DRIVER 


TC4401 


For driving many loads in low-power regimes, this limitingcrossovercurrentsare used, multiple TC4401's may 
driver, because it has very low quiescent current (<150 |llA) be paralleled for greater current-carrying capacity, 

and eliminates shoot-through currents in the output stage. The TC4401 is built using Teledyne Components' new 

requires significantly less power than similar drivers, and Tough CMOS process and is capable of giving reliable 

can be helpful in meeting low-power budgets. service in the most demanding electrical environments: it 

Because neither drain In an output Is dependent on the will not latch under any conditions within its power and 
other (though they do switch simultaneously), this device voltage ratings; it is not subject to damage when up to 5V of 

can also be used as an open-drain buffer/driver where both noise spiking of either polarity occurs on the ground pin; and 

drains are available in one device, thus minimizing chip It can accept, without damage or logic upset, up to 1.5 amp 

count. An unused open drain should be returned to the of reverse current (of either polarity) being forced back into 

supply rail its device source are connected to (pull-down to the outputs. All terminals are fully protected against up to 
ground, pull-up to Vdd), to prevent static damage. Alterna- 2 kV of electrostatic discharge, 
tively, in situations where timing resistors, or other means of 

ORDERING INFORMATION 


Part No. 

Logic 

Package 

Temperature Range 

TC4401CPA 

Inverting 

8-Pin PDIP 

ox to +70°C 

TC4401EPA 

Inverting 

8-Pin PDIP 

-40°C to +85°C 

TC4401COA 

Inverting 

8-Pin sole 

0°C to +70°C 

TC4401EOA 

Inverting 

8-Pln SOIC 

-40°C to +85°C 

TC4401IJA 

Inverting 

8-Pin CerDIP 

-25°C to +85°C 

TC4401MJA 

Inverting 

8-Pin CerDIP 

-55°C to +^25^C 


PIN CONFIGURATIONS 
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6A OPEN-DRAIN MOSFET DRIVER 


TC4401 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage. 

Input Voltage. 

Input Current (Vin > Vdd). 

Power Dissipation, Ta <25°C 

PDIP. 

SOIC. 

CerDIP. 


.+22V 

Vdd + 0.3V toGND-5.0V 
.50mA 

.1W 

.500mW 

.800mW 


Derating Factors (To Ambient) 

PDIP.8mW/°C 

SOIC.4mW/°C 

CerDIP.6.4 mW/X 

Storage Temperature Range.-65°C to +150°C 

Maximum Chip Temperature.+150°C 

Operating Temperature Range 

C Version. 0°C to +70°C 

I Version.-25°C to +85°C 

E Version. -40°C to +85‘^C 

M Version.-55°C to +125°C 


Lead Temperature (Soldering, 10 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C with 4.5V ^ Vdd ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V,H 

Logic 1 High Input Voltage 


2.4 

1.8 


V 

V|L 

Logic 0 Low Input Voltage 


— 

1.3 

0.8 

V 

ViN (Max) 

Input Voltage Range 


-5 

— 

Vdd+0.3 

V 

l|N 

Input Current 

OV ViN ^ Vdd 

-10 

— 

10 

pA 

Output 

VoH 

High Output Voltage 

See Figure 1 

Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 

See Figure 1 ; 

_ 

— 

0.025 

V 

Ro 

Output Resistance, High 

•out =10 rnA, Vqd = 1 8V , 


2.1 

2.8 

Q 

Ro 

Output Resistance, Low 

louT = 10 mA, Vdd = 18V i 


1.5 

2.5 

n 

IpK 

Peak Output Current 

Vdd=18V 

— 

6 

— 

A 

Irev 

Latch-Up Protection 

Duty Cycle ^ 2% 

>1.5 

— 

— 

A 


Withstand Reverse Current 

t ^ 300 |is 1 





Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl = 2500 pF 

— 

25 

35 

ns 

tF 

Fall Time 

Figure 1, Cl = 2500 pF 

— 

25 

35 

ns 

tD1 

Delay Time 

Figure 1 

— 

55 1 

75 

ns 

tD2 

Delay Time 

Figure 1 

— 

55 

75 

ns 

Power Supply 

Is 

Power Supply Current 

Vin = 3V 

— 

0.45 

1.5 

mA 



V,N = 0V 

— 

55 

150 j 

pA 

Vdd 

Operating Input Voltage 


4.5 

— 

18 

V 


NOTE: 1. Switching times guaranteed by design. 
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6A OPEN-DRAIN MOSFET DRIVER 


TC4401 


ELECTRICAL CHARACTERISTICS: 

Measured over operating temperature range with 4.5V Vqd 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

_ 1 

Unit 

Input 

ViH 

Logic 1 High Input Voltage 


2.4 

— 

— 

V 

VlL 

Logic 0 Low Input Voltage 


— 

— 

0.8 

V 

V,N (Max) 

Input Voltage Range 


-5 

— 

Vdd+0.3 

V 

IlN 

Input Current 

OV ^ V|N ^ Vs 

-10 

— 

10 

pA 

Output 

VOH 

High Output Voltage 

See Figure 1 

Vdd-0.025 

— 

_ 

V 

VoL 

Low Output Voltage 

See Figure 1 

~ 

— 

0.025 

V 

Ro 

Output Resistance, High 

louT = 10 rnA, Vdd = 18V 

— 

3 

5 

a 

Ro 

Output Resistance, Low 

louT =10 mA, Vdd = 1 8V 

— 

2.3 

5 

a 

Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl = 2500 pF 

— 

32 

60 

ns 

tp 

Fall Time 

Figure 1, Cl = 2500 pF 

— 

34 

60 

ns 

tD1 

Delay Time 

Figure 1 

— 

50 

100 

ns 

tD2 

Delay Time 

Figure 1 

— 

65 

100 

ns 

Power Supply 

Is 

Power Supply Current 

Vin = 3V 

— 

0.45 

3 

mA 



V,N = 0V 

— 

60 

400 

pA 

Vdd 

Operating Input Voltage 


4.5 

— 

18 

V 


NOTE: 1. Switching times guaranteed by design. 


Vdd = 18 V 




100 kHz SQUARE WAVE 
Trise = Tfall 10ns 


Figure 1. Switching Time Test Circuit 
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Rout (^) SUPPLY VOLTAGE (V) 


6A OPEN-DRAIN MOSFET DRIVER 


TC4401 


TYPICAL CHARACTERISTICS CURVES (Cont.) 


Quiescent Power Supply 
Current vs Supply Voltage 



0 100 200 300 400 500 

SUPPLY CURRENT (pA) 


Low-State Output Resistance 



5 7 9 11 13 15 


Vdd(V) 


Quiescent Power Supply 



-so -20 20 60 100 140 

TEMPERATURE (°C) 

Effect of Input Amplitude 



5 6 78 9 10 11 12 13 14 15 

Vdd (V) 


High-State Output Resistance 



2 I- 1-^-1 _ I_I_I_I_I _^_I 

5 7 9 11 13 15 

Vdd(V) 
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6A OPEN-DRAIN MOSFET DRIVER 


TC4401 


POWER-ON OSCILLATION 

It is extremely important that all MOSFET DRIVER 
applications be evaluated for the possibility of having 
HIGH-POWER OSCILLATIONS occurring during the 
POWER-ON cycle. 

POWER-ON OSCILLATIONS are due to trace size and 
layout as well as component placement. A ‘quick fix’ for most 
applications which exhibit POWER-ON OSCILLATION 
problems is to place approximately 10 kQ in series with the 
input of the MOSFET driver. 


TYPICAL APPLICATIONS 
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^^^^TELEDYNE 

COMPONENTS 

TC4403 


1.5A HIGH-SPEED, FLOATING LOAD DRIVER 

FEATURES GENERAL DESCRIPTION 

The TC4403 is a modified version of the TC4425 driver, 
intended to drive floating or isolated loads requiring high- 
current pulses. The load is intended to be connected be¬ 
tween the outputs without other reference to supply or 
ground. Then, only when both logic inputs and the Vdd input 
are energized, is power supplied to the load. This construc¬ 
tion allows the Implementation of a wide variety of redundant 
input controllers. 

The low off-state output leakage and independence of 
the two half-circuits permit a wide variety of testing schemes 
to be utilized to assure functionality. The high peak current 
capability, short internal delays, and fast output rise and fall 
times ensure sufficient power will be available to the load 
when it is needed. The TTL and CMOS compatible inputs 
allow operation from a wide variety of Input devices. The 
ability to swing the inputs negative without affecting device 
performance allows negative biases to be placed on the 
inputs for greater safety. In addition, the capacitive nature of 
the inputs allows the use of series resistors on the inputs for 
extra noise suppression. 

The TC4403 is built using Teledyne Components' new 
Tough CMOS process for outstanding ruggedness and 
reliability in harsh applications. Input voltage excursions 
above the supply voltage or below ground are clamped 
internally without damaging the device. The output stages 
are power MOSFETs with high-speed body diodes to pre¬ 
vent damage to the driver from inductive kickbacks. 



■ Tough CMOS™ Construction 

■ Low Quiescent Current.300 pA Max 

■ Capacitive Inputs With 300 mV Hysteresis 

■ Both Inputs Must Be Driven to Drive Load 

■ Low Output Leakage 

■ High Peak Current Capability 

■ Fast Output Rise Time 

■ Outputs Individually Testable 

APPLICATIONS 

■ Squib Drivers 

■ isolated Load Drivers 

■ Pulsers 

■ Safety Interlocks 


FUNCTIONAL DIAGRAM 


1022-1 
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1.5A HIGH-SPEED, 
FLOATING LOAD DRIVER 


TC4403 


ORDERING INFORMATION TYPICAL APPLICATION 


Part No. 

Package 

Temperature 

Range 

TC4403CPA 

8-Pin PDIP 

0°C to 70°C 

TC4403EPA 

8-Pin PDIP 

-40°C to +85‘>C 

TC4403MJA 

8-Pin CerDIP 

-55'’C to +125°C 

PIN CONFIGURATION 


NCU 

• ^ 

8]nC 

IN (GND) [T 


T] OUT (GND) 

GND[J 

TC4403 


IN(Vdd)[4 


;^OUT(\feD) 


(TOP VIEW) 




6-42 








1.5A HIGH-SPEED, 
FLOATING LOAD DRIVER 


TC4403 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.+22V 

Maximum Chip Temperature.+150°C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 

Package Thermal Resistance 

CerDIP, Rej-A.150°C/W 

CerDIP, Rej-c.50°C/W 

PDIP, Rej-A.125°C/W 

PDIP, Rej-c.42°C/W 

Operating Temperature Range 

G Version.0°C to +70°C 

E Version.-40°C to +85°C 

M Version.-55°C to +125°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. 

Stresses above those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is 
not implied. Exposure to Absolute Maximum Rating Conditions for 
extended periods may affect device reliability. 


Package Power Dissipation 



25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


ELECTRICAL CHARACTERISTICS: Ta = +25°C with 4.5V ^ Vs ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V,H 

Logic 1 High Input Voltage 


2.4 

— 

— 

V 

V,L 

Logic 0 Low Input Voltage 


— 

— 

0.8 

V 

IlN 

Input Current 

> 

LO 

V/ 

z 

> 

V/ 

> 

o 

-1000 

±10 

-Hi 000 

nA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Ros 

Sourcing Output Resistance 

loUT =10 mA, Vdd = 18V 

— 

2..8 

5 

Q 

Rog 

Grounding Output Resistance 

louT = -10 mA, Vdd = 1 8V 

— 

3.5 

5 

Q 

IPK 

Peak Output Current 


— 

1.5 

— 

A 

Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl= 1800 pF 

— 

23 

35 

ns 

tp 

Fall Time 

Figure 1, Cl= 1800 pF 

— 

25 

35 

ns 

tD1 

Delay Time 

Figure 1, Cl = 1800 pF 

— 

33 

75 

ns 

tD2 

Delay Time 

Figure 1, Cl = 1800 pF 

— 

38 

75 

ns 

Power Supply 

Is 

Power Supply Current 

V|N = 3V (Both Inputs) 

— 

1.5 

2.5 

mA 



V|N = OV (Both Inputs) 

— 

0.15 

0.25 

mA 


NOTE: 1. Switching times guaranteed by design. 
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1.5A HIGH-SPEED, 
FLOATING LOAD DRIVER 


TC4403 


ELECTRICAL CHARACTERISTICS: 

Measured over operating temperature range with 4.5V < Vs< 18V unless otherwise specified. 


Symbol 


Parameter 


Test Conditions 


Min 


Typ Max Unit 


Input 


VlH 


Logic 1 High Input Voltage 


2.4 


V 


V|L 


Logic 0 Low Input Voltage 


0.8 


l|N 


Input Current 


OV < V|N ^ Vdd 


- 10,000 


±10 +10,000 nA 


Output 


VoH 


High Output Voltage 


Vdd-0.025 


VoL 


Low Output Voltage 


0.025 


Ros 


Sourcing Output 
Resistance 


V|N = 2.4V 

louT =10 mA, Vdd = 18V 


3.7 


8 


Rqg 


Grounding Output 
Resistance 


ViN = 2.4V 

Iqut = -10 mA, Vdd = 1 8V 


4.3 


Switching Time (Note 1) 


tR 


Rise Time 


Figure 1, Cl = 1800 pF 


28 


60 


Fall Time 


Figure 1, Cl = 1800 pF 


32 


60 


1di 


Delay Time 


Figure 1, Cl = 1800 pF 


32 


100 


1D2 


Delay Time 


Figure 1, Cl = 1800 pF 


38 


100 


Power Supply 


Power Supply Current 


V|N = 3V (Both Inputs) 
ViN = OV (Both Inputs) 


2 

0.2 


3.5 

0.3 


mA 

mA 


NOTE: 1. Switching times guaranteed by design. 




Figure 1 Switching Time Test Circuits 
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tRISE (ns) tRISE (ns) 


1.5A HIGH-SPEED, 
FLOATING LOAD DRIVER 


TC4403 


TYPICAL CHARACTERISTICS CURVES 


Rise Time vs Supply Voltage 



Q I_^^_ I _^_ I _^_I 

4 6 8 10 12 14 16 18 


Rise Time vs Capacitive Load 



100 1000 10,000 

^LOAD (pf^) 



1500 pF 
1000 pF 


4 6 8 10 12 14 16 18 
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TC4403 


TYPICAL CHARACTERISTICS CURVES (Cont.) 

Delay Time vs Supply Voltage 



Output Resistance vs 
Supply Voltage 


’quiescent (mA) delay time (ns) 


1.5A HIGH-SPEED, 
FLOATING LOAD DRIVER 


Delay Time vs Temperature 
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^^y^TELEDYNE 

COMPONENTS 


1.5A DUAL OPEN-DRAIN MOSFET DRIVERS 


FEATURES 

■ independently-Programmable Rise and Fall Times 

■ Low Output Impedance.7n Typ 

■ High Speed tR, tp.<30 ns with 1000 pF Load 

■ Short Delay Times 

■ Wide Operating Range.4.5V to 18V 

APPUCATIONS 

■ Motor Controls 

■ Self-Commutating MOSFET Bridge Driver 

■ Driving Bipolar Transistors 

■ Driver for Nonoverlapping Totem Poles 

■ Reach-Up/Reach-Down Driver 

RUGGED 

■ Tough CMOS™ Construction 

■ Latch-Up Protected: Will Withstand >500 mA 
Reverse Current (Either Polarity) 

■ Input Withstands Negative Swings Up to -5V 


GENERAL DESCRIPTION 

The TC4404 and TC4405 are CMOS buffer-drivers 
constructed with complementary MOS outputs, where the 
drains of the final output totem pole have been left 
disconnected so individual connections can be made to the 
pull-up and pull-down sections of the output. This allows 
the insertion of individual drain-current-limiting resistors in 
the pull-up and pull-down sections of the output, thus al¬ 
lowing the user to define the rates of rise and fall desired 
for a capacitive load, or a reduced output swing if driving a 
resistive load, or to limit base current when driving a bipolar 
transistor. Minimum rise and fall times, with no resistors, 
will be less than 30 ns for a 1000-pF load. There is no 
upper limit. 

For driving MOSFETs in motor-control applications, 
where slow-on/fast-off operation is desired, these devices 
are superior to the previously-used technique of adding a 
diode-resistor combination between the driver output and 
the MOSFET, because they allow accurate control of turn¬ 
on, while maintaining fast turn-off and maximum noise 
immunity for an OFF device. 

When used to drive bipolar transistors, these drivers 
maintain the high speeds common to other Teledyne driv¬ 
ers and allow insertion of a base current-limiting resistor, 
while providing a separate half-output for fast turn-off. By 
proper positioning of the resistor, either npn or pnp transis¬ 
tors can be driven. 



1023-1 
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TC4405 


For driving many loads in low-power regimes, these 
drivers, because they eliminate shoot-through currents in the 
output stage, require significantly less power at higher fre¬ 
quencies, and can be helpful in meeting low-power budgets. 

Because neither drain in an output is dependent on the 
other, these devices can also be used as open-drain buffer/ 
drivers where both drains are available in one device, thus 
minimizing chip count. Unused open drains should be 
returned to the supply rail their device sources are connected 
to (pull-downs to ground, pull-ups to Vdd), to prevent static 
damage. In addition, in situations where timing resistors, or 
other means of limiting crossover currents are used, like 


drains may be paralleled for greater current carrying capacity. 

These devices are built using Teledyne Components' 
new Tough CMOS process and are capable of giving reli¬ 
able service in the most demanding electrical environments: 
they will not latch under any conditions within their power 
and voltage ratings; they are not subject to damage when up 
to 5V of noise spiking of either polarity occurs on their 
ground pin; and they can accept, without damage or logic 
upset, up to 1/2 amp of reverse current (of either polarity) 
being forced back into their outputs. All terminals are fully 
protected against up to 2 kV of electrostatic discharge. 


ORDERING INFORMATION 


Part No. 

Logic 

Package 

Temperature Range 

TC4404CPA 

Inverting 

8-Pin PDIP 

0°C to +70'’C 

TC4404COA 

Inverting 

8-Pin SOIC 

0°C to +70°C 

TC4405CPA 

Noninverting 

8-Pin PDIP 

0°C to -f70°C 

TC4405COA 

Noninverting 

8-Pln SOIC 

0°C to +70°C 

TC4404EPA 

Inverting 

8-Pin PDIP 

-40°C to +85‘’C 

TC4404EOA 

inverting 

8-Pin SOIC 

-40°C to -f 85°C 

TC4405EPA 

Noninverting 

8-Pin PDIP 

-40°C to -f85°C 

TC4405EOA 

Noninverting 

8-Pin SOIC 

-40°C to +85‘>C 

TC4404MJA 

Inverting 

8-Pin CerDIP 

-55°C to +125°C 

TC4405MJA 

Noninverting 

8-Pin CerDIP 

-55°Cto+125°C 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.+22V 

Maximum Chip Temperature.+150X 

Storage Temperature Range.-65°C to +150^C 

Lead Temperature (Soldering, 10 sec).+300‘'C 

Package Thermal Resistance 

CerDIPRej-A .150X/W 

CerDIPRej-c .55X/W 

PDIPRej-A .125'^C/W 

PDIP Rej-c .45°C/W 

SOIC Rej-A .250°C/W 

SOIC Rej-c . 75°C/W 

Operating Temperature Range 

C Version.0°C to +70°C 

E Version...-40°C to +85°C 

M Version.-55°C to +125°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 


functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 



25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 
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1.5A DUAL OPEN-DRAIN 
MOSFET DRIVERS 


TC4404 

TC4405 


POWER-ON OSCILLATION 

It is extremely important that all MOSFET DRIVER applications be evaluated for the possibility of having HIGH- 
POWER OSCILLATIONS occurring during the POWER-ON cycle. 

POWER-ON OSCILLATIONS are due to trace size and layout as well as component placement. A ‘quick fix’ for most 
applications which exhibit POWER-ON OSCILLATION problems is to place approximately 10 kQ in series with the input of 
the MOSFET driver. 

ELECTRICAL CHARACTERISTICS: 

Specifications measured at Ta = +25°C with 4.5V < Vdd ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V,H 

Logic 1 High Input Voltage 


2.4 

1 ; 

— 

V 

VlL 

Logic 0 Low Input Voltage 


_ 

— 

0.8 

V 

l|N 

Input Current 

-5V<V|n<Vdd 

-1 

— 

1 

pA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


__ 

— 

0.025 I 

V 

Ro 

Output Resistance 

louT= 10 mA,VbD = 18V; Any Drain 

— 

7 

10 

a 

IPK 

Peak Output Current 

Any Drain 

— 

1.5 


A 

be 

Continuous Output Current 

Any Drain 

— 

— 

100 

mA 

Ir 

Latch-Up Protection 

Any Drain 

Withstand Reverse Current 

>500 

— 

— 

mA 

Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl= 1000 pF 

— 

25 

30 

ns 

tp 

Fall Time 

Figure 1, Cl = 1000 pF 

— 

25 

30 

ns 

tD1 

Delay Time 

Figure 1, Cl = 1000 pF 

— 

— 

30 

ns 

tD2 

Delay Time 

Figure 1, Cl = 1000 pF 

— 

— 

50 

ns 

Power Supply 

Is 

Power Supply Current 

V|N = 3V (Both Inputs) 

— 

— 

4.5 

mA 



V|N = OV (Both Inputs) 

_ 

— 

0.4 

mA 


NOTE: 1. Switching times guaranteed by design. 

PIN CONFIGURATIONS 



DIP 



SOIC 


Vdd 

• 

~i~]XTOP 

TH 

Q 

Q 

> 



TTatop 

IN A [T^ 


^bottom 

IN A [T" 



"7"] Tbottom 

INB 

TC4404 

~6~|'b'top 

IN B 


TC4404 

~~6~| ¥top 

COM 


~5~| b'bOTTOM 

COM 



~5~|¥bottom 







Vdd 

• 

~i~| ATOP 

D 

Q 

> 



~i~| ATOP 

IN A [1^ 


~ 7 ~\ A BOTTOM 

IN A [Y 



~T1 A BOTTOM 

INB 

TC4405 

~6~| BTOP 

INB 


TC4405 

Tl BTOP 

COM 


B BOTTOM 

COM 



~T~| B BOTTOM 
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ELECTRICAL CHARACTERISTICS: Specifications measured over operating temperature range 
with 4.5V < Vdd ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

input 

ViH 

Logic 1 High Input Voltage 


2.4 

— 

— 

V 

VlL 

Logic 0 Low Input Voltage 


— 

— 

0.8 

V 

l|N 

Input Current 

-5V<Vin<Vdd 

-10 

— 

10 

pA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Ro 

Output Resistance 

buT = 10 rnA, Vqd = 18V; Any Drain 

— 

9 

12 

Q. 

IPK 

Peak Output Current 

Any Drain 

— 

1.5 

— 

A 

I DC 

Continuous Output Current 

Any Drain 

— 

— 

100 

mA 

Ir 

Latch-Up Protection 

Any Drain 

Withstand Reverse Current 

>500 

— 

_ 

mA 


Switching Time (Note 1) 


tR 

Rise Time 

Figure 1, Cl= 1000 pF 

— 

!-H— 1 

40 

ns 

tF 

Fall Time 

Figure 1, Cl = 1000 pF 

— 

— 

40 

ns 

tD1 

Delay Time 

Figure 1, Cl = 1000 pF 

— 

— 

40 

ns 

tD2 

Delay Time 

Figure 1, Cl = 1000 pF 

— 

— 

60 

ns 

Power Supply 

Is 

Power Supply Current 

V|N = 3V (Both Inputs) 

— 

— 

8 

mA 



V|N = OV (Both Inputs) 

— 

— 

0.6 

mA 


NOTE 1. Switching times guaranteed by design. 
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TYPICAL CHARACTERISTICS CURVES 

Rise Time vs. Supply Voltage Fall Time vs. Supply Voltage 


Rise Time vs. Capacitive Load 





Fall Time vs. Capacitive Load 


-Ta = +25°cHfti- 


-TVdd = 5V- 

/l I IM - 


Rise and Fall Times 
vs. Temperature 


-^LOAD = 


^LOAD 

Propagation Delay 
vs. Supply Voltage 


50U V=17.5V| 
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\ 
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■^LOAD “ P*^ 

Ta=+25°C 
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Effect of Input Amplitude 
on Delay Time 


Vdd-iov- 
T^= +25'’C . 
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TEMPERATURE (°C} 

Propagation Delay Time 
vs. Temperature 

■ VDD = 17.5V-ni- -1- 

- VloAD = ‘'0°°P^- 


Quiescent Supply Current 
vs. Voltage 


_BOTH INPUTS = 1_ 


_ BOTH INPUTS = 0_ 
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1.5A DUAL OPEN-DRAIN 
MOSFET DRIVERS 
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TYPICAL CHARACTERISTICS CURVES (Cont.) 


Quiescent Supply Current 

vs. Temperature Pull-Up Output Resistance Pull-Down Output Resistance 







1.5A DUAL OPEN-DRAIN 
MOSFET DRIVERS 
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TYPICAL APPLICATIONS 


Zero Crossover Current Totem-Pole Switch Driving Bipolar Transistors 



BONDING DIAGRAM 


Reach-Up and Reach-Down Driving 

+12V 



SWITCHED 

+12V 

- +5V 


GND 

SWITCHED 

-12V 


--12V 


OUT A OUT B 



-78 mil« 

NOTES: 1. Back of die is not metallized. 

2. Back of die is common to Vdd- 











NOTES 
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^^^^TELEDYNE 

COMPONENTS 


PRELIMINARY INFOR 


3A DUAL OPEN-DRAIN MOSFET DRIVERS 


FEATURES 

■ independently-Programmable Rise and Fall Times 

■ Low Output Impedance.3.5^1 Typ 

■ High Speed tp, tp.<30 ns with 1800 pF Load 

■ Short Delay Times 

■ Wide Operating Range.4.5V to 18V 

APPLICATIONS 

■ Motor Controls 

■ Self-Commutating MOSFET Bridge Driver 

■ Driving Bipolar Transistors 

■ Driver for Nonoverlapping Totem Poles 

■ Reach-Up/Reach-Down Driver 

RUGGED 

■ Tough CMOS™ Construction 

■ Latch-Up Protected: Will Withstand >500 mA 
Reverse Current (Either Polarity) 

■ Input Withstands Negative Swings Up to -5V 


GENERAL DESCRIPTION 

The TC4406 and TC4407 are CMOS buffer-drivers 
constructed with complementary MOS outputs, where the 
drains of the final output totem pole have been left discon¬ 
nected so individual connections can be made to the pull- 
up and pull-down sections of the output. This allows the 
insertion of individual drain current-limiting resistors in the 
pull-up and pull-down sections of the outputs, thus allowing 
the user to define the rates of rise and fall desired for a 
capacitive load, or a reduced output swing if driving a 
resistive load, or to limit base current when driving a bipolar 
transistor. Minimum rise and fall times, with no resistors, 
will be less than 30 ns for a 1800-pF load. There is no 
upper limit. 

For driving MOSFETs in motor-control applications, 
where slow-on/fast-off operation is desired, these devices 
are superior to the previously-used technique of adding a 
diode-resistor combination between the driver output and 
the MOSFET, because they allow accurate control of turn¬ 
on, while maintaining fast turn-off and maximum noise 
Immunity for the device being driven. 

When used to drive bipolar transistors, these drivers 
maintain the high speeds common to other Teledyne drivers 
and allow insertion of a base current-limiting resistor, while 
providing a separate half-output for fast turn-off. By proper 
positioning of the resistor, either npn or pnp transistors can 
be driven. 


FUNCTIONAL DIAGRAM 



''dd 


PULL UP 


PULL DOWN 


1024-1 
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For driving many loads in low-power regimes, these 
drivers, because they have very low quiescent current 
(<250 |iA) and eliminate shoot-through currents in the out¬ 
put stage, require significantly less power than similar driv¬ 
ers, and can be helpful in meeting low-power budgets. 

Because neither drain in an output is dependent on the 
other (though they do switch simultaneously), these devices 
can also be used as open-drain buffer/d rivers where both 
drains are available in one device, thus minimizing chip 
count. Unused open drains should be returned to the supply 
rail their device sources are connected to (pull-downs to 
ground, pull-ups to Vdd), to prevent static damage. Alterna¬ 
tively, in situations where timing resistors, or other means of 


limiting crossover currents are used, like drains may be 
paralleled for greater current-carrying capacity. 

The TC4406 and TC4407 are built using Teledyne 
Components' new Tough CMOS process and are capable of 
giving reliable service in the most demanding electrical 
environments; they will not latch under any conditions within 
their power and voltage ratings; they are not subject to 
damage when up to 5V of noise spiking of either polarity 
occurs on their ground pin; and they can accept, without 
damage or logic upset, up to 1/2 amp of reverse current (of 
either polarity) being forced back Into their outputs. All 
terminals are fully protected against up to 2 kV of electro¬ 
static discharge. 


ORDERING INFORMATION 


Part No. 

Logic 

Package 

Temperature Range 

TC4406CPA 

Inverting 

8-Pin PDIP 

0°C to -i-70°C 

TC4406EPA 

Inverting 

8-Pin PDIP 

-40X to +85°C 

TC4406EOE 

Inverting 

16-Pin SO Wide 

-40°C to -i-85°C 

TC4406MJA 

Inverting 

8-Pin CerDIP 

-55'’Cto-Hl25°C 

TC4406COE 

Inverting 

16-Pin SO Wide 

O^C to +70“C 

TC4407CPA 

Noninverting 

8-Pin PDIP 

0“C to -h70°C 

TC4407EPA 

Noninverting 

8-Pin PDIP 

-40°C to -i-85°C 

TC4407EOE 

Noninverting 

16-Pin SO Wide 

-AO^C to -h85'’C 

TC4407MJA 

Noninverting 

8-Pln CerDIP 

-55°C to +125X 

TC4407COE 

Noninverting 

16-Pin SO Wide 

OX to +70X 

PIN CONFIGURATIONS 



8-Pin DIP 



8-Pin DIP 






w 


B 

Q 

Q 

> 

• 

8 I A UP 

'^DD LJL 

• 

T] A UP 

IN A [V 


~7~l A DOWN 

IN A 


~7~| A DOWN 

IN B 

TC4406 

TT] B UP 

INB 

TC4407 

~6~| BUP 

GND [T^ 


~?~1 BDOWN 

GND [T 


~5~| BDOWN 


16-Pm Wide SOIC 



16-Pin Wide SOIC 


VDD n 1 



16| I A UP 

VDD I I 1 



16| I A UP 

VDD I I 2 



15| I A UP 

VDD I I 2 



15| I A UP 

NC I I 3 



14| I A DOWN 

NC I I 3 



14| 1 A DOWN 

IN A I I 4 



13| 1 BUP 

IN A I I 4 



13| 1 B UP 

INB I I 5 


TC4406 

12| 1 BUP 

IN B I I 5 


TC4407 

12| 1 BUP 

NC I I 6 



1l| 1 BUP 

NC I I 6 



11 1 1 B UP 

GND I I 7 



10| I B DOWN 

GND I I 7 



10| 1 B DOWN 

GND I I 8 



9 I I B DOWN 

GND I I 8 



9 1 1 B DOWN 


NOTE 1 NC = NO CONNECTION NOTE 1 

NOTE: 1. Duplicate pins must both be connected for proper operation. 
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ABSOLUTE MAXIMUM RATINGS 


Package Power Dissipation 


Supply Voltage.+22V 

Maximum Chip Temperature.+150°C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 

Package Thermal Resistance 

CerDIP Rej-A .150°C/W 

CerDIP Rej-c .55X/W 

PDIPRej-A .125°C/W 

PDIP Rej-c .45°C/W 

SOICRej-A .250°C/W 

SOIC Rej.c .75°C/W 

Operating Temperature Range 

C Version.0°C to +70°C 

E Version.-40°C to +85X 

M Version.-55°C to +125°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 



25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


ELECTRICAL CHARACTERISTICS: 

unless otherwise specified, specifications measured at Ta = -i-25°C with 4.5V < Vdd ^ 18V. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V|H 

Logic 1 High Input Voltage 


2.4 

— 

— 

V 

V|L 

Logic 0 Low Input Voltage 


— 

— 

0.8 

V 

l|N 

Input Current 

-5V < V|N< Vdd 

-1 

— 

1 

fA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 


— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Ro 

Output Resistance, Pull Up 

louT =10 iTiA, Vdd = 1 8V 

— 

2.8 

5 

a 

Ro 

Output Resistance, Pull Down 

Iqut =10 mA, Vdd = 1 8V 

— 

3.5 

5 

Q 

IPK 

Peak Output Current 

Any Drain 

— 

3 

— 

A 

be 

Continuous Output Current 

Any Drain 

— 

— 

150 

mA 

Ir 

Latch-Up Protection 

Withstand Reverse Current 

Any Drain 

>500 

— 

— 

mA 

Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl = 1800 pF 

— 

23 

35 

ns 

tp 

Fall Time 

Figure 1, Cl = 1800 pF 

— 

25 

35 

ns 

tD1 

Delay Time 

Figure 1, Cl= 1800 pF 

— 

33 

75 

ns 

tD2 

Delay Time 

Figure 1, Cl= 1800 pF 

— 

38 

75 

ns 

Power Supply 

Is 

Power Supply Current 

V|N = 3V (Both Inputs) 

— 

1.5 

2.5 

mA 



ViN = OV (Both Inputs) 

— 

0.15 

0.25 

mA 
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ELECTRICAL CHARACTERISTICS: 

Specifications measured over operating temperature range with 4.5V < Vdd ^ 1BV, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V|H 

Logic 1 High Input Voltage 


2.4 

— 

— 

V 

V|L 

Logic 0 Low Input Voltage 


__ 

— 

0.8 

V 

l|N 

Input Current 

-5V<V|n<Vdd 

-10 

— 

10 


Output 

VoH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Ro 

Output Resistance, Pull Up 

louT = 10 iTiA, Vdd = 1 8V 

— 

3.7 

8 

Q 

Ro 

Output Resistance, Pull Down 

louT = 10 niA, Vdd = 1 8V 

— 

4.3 

8 

Q 

IpK 

Peak Output Current 

Any Drain 

— 

3 

— 

A 

be 

Continuous Output Current 

Any Drain 

— 

— 

150 

mA 

Ir 

Latch-Up Protection 

Any Drain 

Withstand Reverse Current 

>500 

— 

— 

mA 

Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl = 1800 pF 

~ 

— 

60 

ns 

tp 

Fall Time 

Figure 1, Cl = 1800 pF 

— 

— 

60 

ns 

tD1 

Delay Time 

Figure 1, Cl = 1800 pF 

— 

— 

100 

ns 

tD2 

Delay Time 

Figure 1, Cl= 1800 pF 

-- 

— 

100 

ns 

Power Supply 

Is 

Power Supply Current 

V|N = 3V (Both Inputs) 

_ 

2 

3.5 

mA 



V|N = OV (Both Inputs) 

— 

0.2 

0.3 

mA 


NOTE : 1. Switching times guaranteed by design. 

Teledyne Components reserves the right to make changes in the circuitry or specifications detailed in this manual at any time without notice. Minimums 
and maximums are guaranteed. All other specifications are intended as guidelines only. Teledyne Components assumes no responsibility for the use of 
any circuits described herein and makes no representations that they are free from patent infringement. 





Figure 1 Switching Time Test Circuit 
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TYPICAL CHARACTERISTICS CURVES 

Rise Time vs. Suppiy Voltage Fall Time vs. Supply Voltage 


Rise Time vs. Capacitive Load 






































PRELIMINARY INFORMATION 


TC4406 

TC4407 


TYPICAL CHARACTERISTICS CURVES (Cont.) 

Quiescent Current Output Resistance (Puli Up) 



TEMPERATURE Vdq 


3A DUAL OPEN-DRAIN 
MOSFET DRIVERS 


Output Resistance (Pull Down) 
vs. Supply Voltage 



4 6 8 10 12 14 16 18 
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TYPICAL APPLICATIONS 


Reach-Up and Reach-Down Driving 



High-Side Switch 


Zero Crossover-Current Totem-Pole Switch 
(4.5V-18V) , ~[ 

I "T ^ 

' TC4406 I Rt 

1^1 


FROM TTL >4 


Vqut 


GND - 


Driving Bipolar Transistors 

VpD-f- 

(4.5V-18V) 




GND 






NOTE: Unused drains should be connected to 
their respective supplies. 


POWER-ON OSCILLATION 

It is extremely important that all MOSFET 
DRIVER applications be evaluated for the possi¬ 
bility of having HIGH-POWER OSCILLATIONS oc¬ 
curring during the POWER-ON cycle. 

POWER-ON OSCILLATIONS are due to trace 
size and layout as well as component placement. A 
‘quickfix’for most applications which exhibit POWER- 
ON OSCILLATION problems is to place approxi¬ 
mately 10 in series with the input of the MOSFET 
driver. 


BONDING DIAGRAM 



OUTPUTB OUTPUTA 


-100 mil-M 

NOTES: 1 . Back of die is common to Vdd- 

2. Back of die is not metallized. 

3. Dual bond pads must BOTH be connected (Vdd and GND). 
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NOTES 



TC4420 

TC4429 


^^^TELEDYNE 

COMPONENTS 


6A HIGH-SPEED MOSFET DRIVERS 

FEATURES APPLICATrONS 


■ Tough CMOS™ Construction 

■ Latch-Up Protected: Will Withstand >1.5A 
Reverse Output Current 

■ Logic Input Will Withstand Negative Swing Up 


to 5V 

■ ESD Protected.4 kV 

■ Matched Rise and Fall Times.25 ns 

■ High Peak Output Current...6A Peak 

■ Wide Operating Range.4.5V to 18V 

■ High Capacitive Load Drive.10,000 pF 

■ Low Delay Time.55nsTyp 

■ Logic High Input, Any Voltage.2.4V to Vdd 

■ Low Supply Current With Logic "1" Input...450 |iA 

■ Low Output Impedance.2.50 

■ Output Voltage Swing to Within 25 mV of Ground 
or Vdd 


■ Switch-Mode Power Supplies 

■ Motor Controls 

■ Pulse Transformer Driver 

■ Class D Switching Amplifiers 


6 


FUNCTIONAL DIAGRAM 



EFFECTIVE 
INPUT 
C = 38 pF 


1025-1 
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6A HIGH-SPEED MOSFET DRIVERS 


TC4420 

TC4429 


GENERAL DESCRIPTION 

The TC4420/4429 Tough CMOS™ drivers are efficient 
and easy to use. These devices are 6A (peak) single output 
MOSFET drivers. 

The TC4420/4429 will drive even the largest MOSFETs. 

These devices are tough due to extra steps taken to 
protect them from failures. An epitaxial layer is used to 
prevent CMOS latch-up. Proprietary circuits allow the input 
to swing negative as much as 5V without damaging the 
part. Special circuits have been added to protect against 
damage from electrostatic discharge. A special molding 
compound is used for increased moisture resistance and 
ability to withstand high voltages. They are also tough 


because of Teledyne Components' world-class process 
controls and device quality. 

Because these devices are fabricated in CMOS, they 
run cool, use less power and are easier to drive. The rail-to- 
rail swing capability of CMOS better insures adequate gate 
voltage to the MOSFET during power up/down sequencing. 

The Tough CMOS™ drivers are easy to use. Three or 
more discrete components can be replaced with a single 
device to save PCB area. Any logic input from 2.4V to Vqd 
can be used without external speed-up capacitors or resistor 
networks. 

This family is available in inverting (TC4429) and 
noninverting (TC4420) configurations. The TC4429 is pin 
compatible with the popular TC429. 


ORDERING INFORMATION 


Part No. 

Logic 

Package 

Temperature Range 

TC4420CPA 

Noninverting 

8-Pin PDIP 

O'^Cto +70°C 

TC4420EPA 

Noninverting 

8-Pin PDIP 

-40°C to +85°C 

TC4420COA 

Noninverting 

8-Pin SOIC 

0°C to +70°C 

TC4420EOA 

Noninverting 

8-Pin SOIC 

-40°C to +85°C 

TC4420IJA 

Noninverting 

8-Pin CerDIP 

-25°C to -i-85°C 

TC4420MJA 

Noninverting 

8-Pin CerDIP 

-55°Cto+125°C 

TC4420CAT 

Noninverting 

5-Pin TO-220 

0°Cto +70°C 

TC4429CPA 

Inverting 

8-Pin PDIP 

0°C to -i-70°C 

TC4429EPA 

Inverting 

8-Pin PDIP 

-40°C to -f85°C 

TC4429COA 

Inverting 

8-Pin SOIC 

O'^C to +70“C 

TC4429EOA 

Inverting 

8-Pin SOIC 

-40°C to -f85°C 

TC44291JA 

Inverting 

8-Pin CerDIP 

-25°C to +85°C 

TC4429MJA 

Inverting 

8-Pin CerDIP 

-55°C to+125°C 

TC4429CAT 

Inverting 

5-Pin TO-220 

0°Cto +70°C 

PIN CONFIGURATIONS 
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6A HIGH-SPEED MOSFET DRIVERS 


TC4420 

TC4429 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.+20V 

Input Voltage.-5V to >Vdd 

Input Current (Vin > Vdd). 50 mA 

Power Dissipation, Ta 25°C 

PDIP.1W 

SOIC.500 mW 

CerDIP.800 mW 

5-Pin TO-220 .1.5W 

Power Dissipation, Tc < 25°C 

5-Pin TO-220 .12.5W 

Derating Factors (To Ambient) 

PDIP.8mW/°C 

SOIC.4 mW/^C 

CerDIP.6.4 mW/°C 

5-Pin TO-220.12 mW/°C 

Thermal Impedances (To Case) 

5-Pin TO-220 Rgj.a.10°C/W 


Storage Temperature Range.-55°C to +150°C 

Operating Temperature (Chip).+150°C 

Operating Temperature Range (Ambient) 

C Version.0°C to +70°C 

I Version.-25°C to +85°C 

E Version.-40°C to +85°C 

M Version.-55°C to +125°C 

Lead Temperature (Soldering, 10 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = -i-25°C with 4.5V ^ Vdd ^ “ISV, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

input 

VlH 

Logic 1 High Input Voltage 


2.4 

1.8 

— 

V 

V|L 

Logic 0 Low Input Voltage 


— 

1.3 

0.8 

V 

ViN (Max) 

Input Voltage Range 


-5 

— 

Vdd+0.3 

V 

l|N 

Input Current 

OV ^ V|N Vdd 

-10 

— 

10 

pA 

Output 

VOH 

High Output Voltage 

See Figure 1 

Vdd-0.025 


— 

V 

VoL 

Low Output Voltage 

See Figure 1 

— 


0.025 

V 

Ro 

Output Resistance, High 

Iqut =10 mA, Vdd = 1 8V 

— 

2.1 

2.8 

n 

Ro 

Output Resistance, Low 

Iqut =10 mA, Vdd = 1 8V 

— 

1.5 

2.5 

n 

IPK 

Peak Output Current 

Vdd = 18V (See Figure 5) 

— 

6 

— 

A 

Irev 

Latch-Up Protection 

Duty Cycle ^ 2% 

>1.5 

— 

— 

A 


Withstand Reverse Current 

t ^ 300 )is 





Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl = 2500 pF 

— 

25 

35 

ns 

tp 

Fall Time 

Figure 1, Cl = 2500 pF 

— 

25 

35 

ns 

tD1 

Delay Time 

Figure 1 

— 

55 

75 

ns 

tD2 

Delay Time 

Figure 1 

— 

55 

75 

ns 

Power Supply 

Is 

Power Supply Current 

Vin = 3V 

— 

0.45 

1.5 

mA 



V,N = 0V 

— 

55 

150 

pA 

Vdd 

Operating Input Voltage 


4.5 

— 

18 

V 
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6A HIGH-SPEED MOSFET DRIVERS 


TC4420 

TC4429 


ELECTRICAL CHARACTERISTICS: 

Measured over operating temperature range with 4.5V ^ Vdd ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

input 

ViH 

Logic 1 High Input Voltage 


2.4 

— 

— 

V 

VlL 

Logic 0 Low Input Voltage 


— 

— 

0.8 

V 

V|N (Max) 

Input Voltage Range 


-5 

— 

Vdd+0.3 

V 

l|N 

Input Current 

OV ^ V|N ^ Vs 

-10 

— 

10 

pA 

Output 

VoH 

High Output Voltage 

See Figure 1 

Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 

See Figure 1 

— 

— 

0.025 

V 

Ro 

Output Resistance, High 

louT =10 mA, Vdd = 1 8V 

— 

3 

5 

Q 

Ro 

Output Resistance, Low 

louT =10 mA, Vdd = 1 8V 

— 

2.3 

5 

n 

Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl = 2500 pF 

— 

32 

60 

ns 

tp 

Fall Time 

Figure 1, Cl = 2500 pF 

— 

34 

60 

ns 

tD1 

Delay Time 

Figure 1 

— 

50 

100 

ns 

tD2 

Delay Time 

Figure 1 

— 

65 

100 

ns 

Power Supply 

Is 

Power Supply Current 

V,n = 3V 

— 

0.45 

3 

mA 



V,N = 0V 

— 

60 

400 

pA 

Vdd 

Operating Input Voltage 


4.5 

— 

18 

V 


NOTE: 1. Switching times guaranteed by design. 



Figure 1. Switching Time Test Circuit 
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DELAY TIME (ns) TIME (ns) TIME (ns) 


6A HIGH-SPEED MOSFET DRIVERS 

TC4420 

TC4429 

TYPICAL CHARACTERISTICS CURVES 

Rise Time vs Supply Voltage Fall Time vs Supply Voltage Rise and Fall Times vs Temperature 


Cl= 10,000 pF 


£Cl=4700pF^ 


I -- Cl=2200pF- 


Ci =10,000 pF 


- 

^ Cl = 4700 pF_ 


Ci =2200 pF 





Vdd= 18 V 


CAPACITIVE LOAD (pF) 

Propagation Delay Time 
vs Temperature 


Cl = 2200 pF 


Vdd=18V 


Vdd=18V 


CAPACITIVE LOAD (pF) 


Supply Current vs Capacitive Load 


— 
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6A HIGH-SPEED MOSFET DRIVERS 


TC4420 

TC4429 


TYPICAL CHARACTERISTICS CURVES (Cont.) 


Quiescent Power Supply 
Current vs Supply Voltage 



0 100 200 300 400 500 

SUPPLY CURRENT (mA) 


Quiescent Power Supply 
Current vs Temperature 



-60 -20 20 60 100 140 

TEMPERATURE (“C) 


Effect of Input Amplitude 

Low-State Output Resistance on Propagation Delay 



Vdd(V) Vdd (V) 


BONDING DIAGRAM 



High-State Output Resistance 



5 7 9 11 13 15 

Vdd(V) 


Total nA*S Crossover* 



5 6 78 9 10 11 12 13 14 15 

SUPPLY VOLTAGE (V) 


* The values on this graph represent 
the loss seen by the driver during 
one complete cycle. For a single 
transition, divide the value by 2. 
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^^^^TELEDYNE 

COMPONENTS 


TC4421 

TC4422 


9A HIGH-SPEED FET DRIVER 


FEATURES 

■ Tough CMOS™ Construction 

■ High Peak Output Current.9A 

■ High Continuous Output Current.2A Max 

■ Fast Rise and Fall Times: 

— 30 ns with 4,700 pF Load 

— 180 ns with 47,000 pF Load 

■ Short Internal Delays.30 ns Typ 


APPLICATIONS 

■ Line Drivers for Extra-Heavily-Loaded Lines 

■ Pulse Generators 

■ Driving Huge MOSFETs and IGBTs 

■ Local Power ON/OFF Switch 

■ Motor and Solenoid Driver 


GENERAL DESCRIPTION 

The TC4421/4422 are large buffer/d rivers built using 
Teledyne Components' proprietary Tough CMOS process. 
They can drive the largest MOSFETs and IGBTs now 
produced (including parallel-chip modules) at speeds up to 


the megahertz region while delivering the same fast rise 
and fall times and short delay intervals users expect from 
Teledyne's drivers. 

The drivers are essentially immune to any form of 
upset except direct overvoltage or over-dissipation — they 
cannot be latched under any conditions within their power 
and voltage ratings; they are not subject to damage or 
improper operation when up to 5V of ground bounce is 
present on their ground terminals; they can accept, without 
either damage or logic upset, more than 1A inductive cur¬ 
rent of either polarity being forced back into their outputs. In 
addition, all terminals are fully protected against up to 4 kV 
of electrostatic discharge. 

As a result, the TC442174422 drivers are much easier 
to use, more flexible in operation, and much more forgiving 
than any other available driver — CMOS or bipolar. Be¬ 
cause they are fabricated In CMOS, they dissipate mini¬ 
mum power and provide rail-to-rail output swings, assuring 
complete power to whatever they drive. 

The maximum output swing, 18V, is sufficient to drive 
even insensitively-gated IGBTs, while the peak current 
capability allows capacitive loads up to 0.1 jiF to be charged 
and discharged very rapidly. 



1026-1 (4390) 









TC4421 

TC4422 


As MOSFET drivers, the TC4421/4422 can drive the 
largest single-die MOSFET available and produce rise and 
fall times of less than 50 ns. Driving the largest parallel-chip 
MOSFET modules, they can produce rise and fall times of 
less than 150 ns. They also provide sufficiently low imped¬ 
ance in both the ON and OFF states to ensure that a 
MOSFET's or IGBT's intended state is not disturbed, even 
by large voltage transients. 

In addition, low output impedance (1.4Q typ), high 
continuous current capacity (2A), and inherent general 
ruggedness make them useful in situations where a DC 

ORDERING I NFORMATION 

Part No 

TC4421CPA 
TC4421EPA 
TC4421MJA 
TC4421CAT 

TC4422CPA 
TC4422EPA 
TC4422MJA 

TC4422CAT _ 

PIN CONFIGURATIONS 

CAT DIP 



o 


Logic 

Inverting 

Inverting 

Inverting 

Inverting 

Non-Inverting 

Non-Inverting 

Non-Inverting 

Non-Inverting 


9A HIGH-SPEED FET DRIVER 


load must be switched on and off rapidly, such as in RF 
pulsers and laser drives. They are also suitable for driving 
a nearly endless variety of other loads. Including long data 
lines, small motors, solenoids, piezo elements, or virtually 
any other load — capacitive, inductive, or resistive. 

The TC4421/4422 inputs may be driven directly from 
either TTL or CMOS (3V to 18V). In addition, 300 mV of 
input hysteresis is built into the input, providing noise im¬ 
munity and allowing the device to be driven from slowly 
rising or falling waveforms. 
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9A HIGH-SPEED FET DRIVER 


TC4421 

TC4422 


ABSOLUTE MAXIMUM RATINGS 

Power Dissipation, < 25°C 

PDIP.1W 

CerDIP. 800 mW 

5-Pin TO-220 . 1.5W 

Power Dissipation, < 25°C 

5-Pin TO-220 . 12.5W 

Derating Factors (To Ambient) 

PDIP.8 mW/°C 

CerDIP.6.4 mW/°C 

5-Pin TO-220 . 12 mW/°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 


Thermal Impedance (To Case) 

5-Pin TO-220 .10°C/W 

Storage Temperature.-65°C to -»-150°C 

Operating Temperature (Chip).150°C 

Operating Temperature (Ambient) 

C Version.0°C to +70°C 

E Version.-40°C to -i-85°C 

M Version.-55°C to +^25°C 

Lead Temperature (10 sec). 300°C 

Supply Voltage.20V 

Input Voltage. ^dd’^ 

Input Current (V,^ > V^^).50 mA 


operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ELECTRICAL CHARACTERISTICS (T, = 25°C with 4.5V ^ V^^ ^ 18V unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V,H 

Logic 1 Input Voltage 


2.4 

1.8 

— 

V 


Logic 0 Input Voltage 


— 

1.3 

0.8 

V 

1. 

Input Current 

OV ^ V ^ V 

-10 

— 

10 

pA 

Output 

VoH 

High Output Voltage 

See Figure 1 

Vo.-0.025 

— 

— 

V 

VoL 

Low Output Voltage 

See Figure 1 

— 

— 

0.025 

V 

Ro 

Output Resistance, High 

Vdd = 18V, lo = 10 mA 

— 

1.4 

— 

Q 

Ro 

Output Resistance, Low 

Vdd = 18V, lo = 10 mA 

— 

0.9 

1.7 

Q 

IpK 

Peak Output Current 

Voo = 18V 

_ 

9 

— 

A 


Continuous Output Current 


2 



A 

^REV 

Latch-Up Protection 
Withstand Reverse 

Current 

Duty Cycle ^ 2% 
t ^ 300 ps 

>1500 



mA 

Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, C^ = 10,000 pF 

— 

60 

75 

ns 

‘f 

Fall Time 

Figure 1, C^ = 10,000 pF 

— 

60 

75 

ns 

^D1 

Delay Time 

Figure 1 

— 

30 

60 

ns 


Delay Time 

Figure 1 

— 

33 

60 

ns 

Power Supply 

Is 

Power Supply Current 

> 

CO 

II 

z 

> 

— 

0.2 

1.5 

mA 



> 

O 

II 

z 

> 

— 

55 

150 

pA 

Voo 

Operating Input Voltage 


4.5 

— 

18 

V 
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9A HIGH-SPEED FET DRIVER 


TC4421 

TC4422 


ELECTRICAL CHARACTERISTICS 

(Measured over operating temperature range with 4.5V ^ Vg^ 18V unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V,H 

Logic 1 Input Voltage 


2.4 

~ 

— 

V 


Logic 0 Input Voltage 


— 

— 

0.8 

V 

\n 

Input Current 

OV ^ V ^ V 
''in ''dd 

-10 

— 

10 

pA 

Output 

VoH 

High Output Voltage 

See Figure 1 

Voo-O-025 

— 

— 

V 

V 

Low Output Voltage 

See Figure 1 

— 

— 

0.025 

V 

Ro 

Output Resistance, High 

v„„ = 18V. I„ = 10 mA 

— 

2.4 

3.6 

n 

Ro 

Output Resistance, Low 

Vdd = 18V, l„ = 10 mA 

— 

1.8 

2.7 

n 

Switching Time (Note 1) 

‘r 

Rise Time 

Figure 1, C^ = 10,000 pF 

— 

60 

120 

ns 

‘f 

Fall Time 

Figure 1, C^ = 10,000 pF 

— 

60 

120 

ns 


Delay Time 

Figure 1 


50 

80 

ns 

^D2 

Delay Time 

Figure 1 

— 

65 

80 

ns 

Power Supply 

Is 

Power Supply Current 

> 

CO 

II 

z 

> 

— 

0.45 

3 

mA 



V,R = 0V 

— 

0.06 

0.2 

mA 

Voo 

Operating Input Voltage 


4.5 

— 

18 

V 


NOTE: 1. Switching times guaranteed by design. 


Vdd= 18 V 



4l Is 


I INPUT: 100 kHz, square wave, 

V W=V,,,<10nS 


Figure 1. Switching Time Test Circuit 
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9A HIGH-SPEED FET DRIVER 


TC4421 

TC4422 


TYPICAL CHARACTERISTIC CURVES 

Rise Time vs Supply Voltage 



4 6 8 10 12 14 16 18 



4 6 8 10 12 14 16 18 

Vdd 




1 10000 

100000 

100 

1000 10000 

100000 

^load(p*^) 



ClOAD(P'^) 



Rise and Fall Times vs Temperature 


Propagation Delay vs Supply Voltage 


















9A HIGH-SPEED FET DRIVER 


TC4421 

TC4422 


TYPICAL CHARACTERISTIC CURVES (Cont.) 


Supply Current vs Capacitive Load 
(Vdd=18V) 



100 1000 10,000 100,000 
ClOAD (PF) 


Supply Current vs Capacitive Load, 

(Vdd=12) 



100 1000 10,000 100,000 
CloAD (pf") 


Supply Current vs Capacitive Load 
(Vdd=6V) 



100 1 000 1 0,000 1 00,000 
^LOAD (PF) 


Supply Current vs Frequency 
(Vdd = 18V) 



10 100 1000 
FREQUENCY (kHz) 


Supply Current vs Frequency 
(Vdd = 12) 



10 100 1000 
FREQUENCY (kHz) 


Supply Current vs Frequency 
(Vdd = 6V) 



10 100 1000 
FREQUENCY (kHz) 
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9A HIGH-SPEED FET DRIVER 


TC4421 

TC4422 


TYPICAL CHARACTERISTIC CURVES (Cont.) 


Propagation Delay vs Input Amplitude 



1 23456789 10 

INPUT (V) 


Crossover Energy vs Supply Voltage 



4 6 8 10 12 14 16 18 


NOTE: The values on this graph represent the loss seen 
by the driver during a complete cycle. For the loss 
in a single transition, divide the stated value by 2. 


High-State Output Resistance 
VS Supply Voltage 



4 6 8 10 12 14 16 18 


Vdd(V) 


Propagation Delay vs Temperature 



Ta(X) 


Quiescent Supply Current 
vs Temperature 



-60 -40 -20 0 20 40 60 80 100 120 


Tj (X) 


Low-State Output Resistance 
vs Supply Voltage 



Vdd (V) 
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NOTES 



TC4423 

TC4424 

TC4425 


^N^TELEDYNE 

COMPONENTS 


3A DUAL HIGH-SPEED MOSFET DRIVERS 


FEATURES 

■ Tough CMOS™ Construction 

■ Latch-Up Protected: Will Withstand 1.5A Reverse 
Current 

■ Logic Input Will Withstand Negative Swing Up 


to 5V 

■ ESD Protected.4 kV 

■ High Peak Output Current.3A 

■ Wide Operating Range.4.5V to 18V 

■ High Capacitive Load 

Drive Capability.1800 pF in 25 ns 

■ Short Delay Times.<40 ns Typ 


■ Consistent Delay Times With Changes in Supply 
Voltage 


■ Matched Rise/Fall Times 

■ Logic High Input, Any Voltage.2.4V to Vdd 

■ Logic Input Threshold Independent of Supply 
Voltage 

■ Low Supply Current 

— With Logic "1" Input.3.5 mA 

— With Logic "0" Input.350 pA 

■ Low Input Impedance.3.5W Typ 


■ Output Voltage Swing to Within 25 mV of Ground 
or Vdd 

■ Pinouts Same as TCI426/27/28; TC4426/27/28 

■ Available in Inverting, Noninverting, and 
Differential Configurations 



1027-1 
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TC4423 

TC4424 

TC4425 


3A DUAL HIGH-SPEED 
MOSFET DRIVERS 


GENERAL DESCRIPTION 

The TC4423/4424/4425 are CMOS buffer/drivers built 
using Teledyne Components' new Tough CMOS process. 
They are higher output current versions of the new TC4426/ 
4427/4428 buffer/dhvers, which, in turn, are improved ver¬ 
sions of the earlier TC426/427/428 series. All three families 
are pin-compatible. The TC4423/4424/4425 drivers are 
capable of giving reliable service in far more demanding 
electrical environmentsthan their antecedents. They will not 
latch up under any conditions within their power and voltage 
ratings. They are not subject to damage, even when up to 5V 
of noise spiking (of either polarity) occurs on the ground pin. 
They can accept, without either damage or logic upset, up 
to 1.5A of reverse current (of either polarity) being forced 
back into their outputs. All terminals are also fully protected 
against up to 4 kV of electrostatic discharge. 

As a result, the TC4423/4424/4425 drivers are much 
easier to use, more flexible in operation, and much more 
forgiving than any other drivers (CMOS or bipolar) currently 
available. Because they are fabricated in CMOS, they 
dissipate a minimum of power and provide rail-to-rail voltage 
swings to better ensure the logic state of any load they drive. 

Although primarily intended for driving power MOSFETs, 
the TC4423/4424/4425 drivers are equally well-suited to 
driving any other load (capacitive, resistive, or inductive) 
which requires a low impedance driver capable of high peak 
currents and fast switching times. For example, heavily 
loaded clock lines, coaxial cables, or piezoelectric transduc¬ 
ers can all be driven from the TC4423/4424/4425. The only 
known limitation on loading is the total power dissipated in 
the driver must be kept within the maximum power dissipa¬ 
tion limits of the package. 

As MOSFET drivers, the TC4423/4424/4425 can easily 
switch 1800 pF gate capacitances in under 30 ns, and 
provide low enough Impedances in both the ON and OFF 


states to ensure the MOSFETs Intended state will not be 
affected, even by large transients. 

The TC4423/4424/4425 design has taken into account 
five years of field use (and abuse) of our earlier parts, with 
the goal of making these drivers immune to all forms of 
improper operation known from that period, except exceeding 
the breakdown voltage and power dissipation ratings. We 
believe we have succeeded. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

TC4423COE 

16-Pin SO Wide 

O^C to +70*^0 

TC4423CPA 

8-Pin Plastic DIP 

0°C to +70°C 

TC4423IJA 

8-Pin CerDIP 

-25'’C to +85°C 

TC4423MJA 

8-Pin CerDIP 

-55°C to+125°C 

TC4423EOE 

16-Pin SO Wide 

-40‘’C to +85°C 

TC4423EPA 

8-Pin Plastic DIP 

-40°C to +85°C 

TC4424COE 

16-Pin SO Wide 

0°C to +70®C 

TC4424CPA 

8-Pin Plastic DIP 

0°C to +70°C 

TC4424IJA 

8-Pin CerDIP 

-25°C to +85®C 

TC4424MJA 

8-Pin CerDIP 

-55X to+125®C 

TC4424EOE 

16-Pin SO Wide 

-40°C to +85®C 

TC4424EPA 

8-Pin Plastic DIP 

-40*^0 to +85°C 

TC4425COE 

16-Pin SO Wide 

0«C to +70®C 

TC4425CPA 

8-Pin Plastic DIP 

O^^C to -i-TO^C 

TC4425IJA 

8-Pin CerDIP 

-25‘’C to +85°C 

TC4425MJA 

8-Pin CerDIP 

-55°C to+125“C 

TC4425EOE 

16-Pin SO Wide 

-40°C to +85°C 

TC4425EPA 

8-Pin Plastic DIP 

-40®C to +85‘»C 


PIN CONFIGURATIONS 


NC 
IN A 
NC 
GND 
GND 
NC 
IN B 
NC 


16-Pin SO Wide 


1 


2 


3 


4 


5 


6 


7 


8 


TC4423 

TC4424 

TC4425 


4423 


i 


16 1 

] NC 

15 1 

] OUTA 

14 1 

] OUTA 

13 1 

H Vdd 

12 1 

D Vdd 

11 1 

H oOtb 

10 1 

H OUTB 

9 1 

3 NC 


4424 4425 

NC NC 
OUT A OUTA 
OUT A OUTA 

vdd Vdd 
Vdd Vdd 

OUTB OUTB 
OUTB OUTB 
NC NC 



8-Pin DIP 

4423 

, t 

4424 

t 

4425 

t 

ncE 

• ^ 

Unc 

NC 

NC 

IN aU 


T]outa 

OUTA 

OUTA 

gnd[¥ 

TC4423 

TC4424 

3 Vdd 

Vdd 

Vdd 

IN bIT 

TC4425 

1]outb 

OUTB 

OUTB 


NC = NO CONNECTION 


NOTE: Duplicate pins must both be connected for proper operation. 
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3A DUAL HIGH-SPEED 
MOSFET DRIVERS 


TC4423 

TC4424 

TC4425 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.+22V 

Input Voltage, IN A or IN B. Vdd + 0.3V to GND -5.0V 

Maximum Chip Temperature.+1 50°C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300^0 

Package Thermal Resistance 

CerDIP Rgj-a.150°C/W 

CerDIPRej-c.55°C/W 

PDIP Roj-a.125°C/W 

PDIP Rej-c.45°C/W 

SOIC Rgj-a.250°C/W 

SOIC Rgj-c.75°C/W 

Operating Temperature Range 

C Version.0°C to +70°C 

I Version.-25°C to +85°C 

E Version.-40°C to +85°C 

M Version.-55°C to +125°C 

Power Dissipation 

Plastic DIP.1000 mW 

CerDIP.800 mW 

SOIC.500 mW 


Package Power Dissipation 



Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C with 4.5V Vdd 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

VoH 

Logic 1 High Input Voltage 


2.4 

— 

— 

v 

V|L 

Logic 0 Low Input Voltage 


_ 

— 

0.8 

v 

l|N 

Input Current 

Q 

Q 

> 

V/ 

z 

> 

V/ 

> 

o 

-1 

— 

1 

pA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 

_ 

— 

V 

VoL 

Low Output Voltage 


— 


0.025 

V 

Ro 

Output Resistance, High 

louT =10 nriA, Vqd = 1 8V 

— 

2.8 

5 

Q 

Ro 

Output Resistance, Low 

louT =10 mA, Vdd = 1 8V 

— 

3.5 

5 

Q 

IPK 

Peak Output Current 


— 

3 

— 

A 

Irev 

Latch-Up Protection 

Withstand Reverse Current 

Duty Cycle ^ 2% 
t 300 ps 

1.5 


— 

A 

Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl = 1800 pF 

— 

23 

35 

ns 

tp 

Fall Time 

Figure 1, Cl = 1800 pF 

— 

25 

35 

ns 

tDl 

Delay Time 

Figure 1, Cl = 1800 pF 

— 

33 

75 

ns 

tD2 

Delay Time 

Figure 1, Cl = 1800 pF 

— 

38 

75 

ns 
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TC4423 

TC4424 

TC4425 


3A DUAL HIGH-SPEED 
MOSFET DRIVERS 


ELECTRICAL CHARACTERISTICS: 

Over operating temperature range with 4.5V Vdd < 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

VlH 

Logic 1 High Input Voltage 


2.4 

— 

— 

V 

ViL 

Logic 0 Low Input Voltage 


— 

— 

0.8 

V 

l|N 

Input Current 

OV V|N ^ Vdd 

-10 

— 

10 

pA 

Output 

VOH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Ro 

Output Resistance, High 

louT = 10 nnA, Vdd = 1 8V 

— 

3.7 

8 

a 

Ro 

Output Resistance, Low 

louT = 10 niA, Vdd = 18V 

— 

4.3 

8 

D. 

IpK 

Peak Output Current 


— 

3 

— 

A 

Irev 

Latch-Up Protection 

Duty Cycle ^ 2% 

1.5 

— 

— 

A 


Withstand Reverse Current 

t ^ 300 ps 





Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl = 1800 pF 

— 

28 

60 

ns 

tp 

Fall Time 

Figure 1, Cl = 1800 pF 

— 

32 

60 

ns 

tD1 

Delay Time 

Figure 1, Cl = 1800 pF 

— i 

32 

100 

ns 

tD2 

Delay Time 

Figure 1, Cl = 1800 pF 

— 

38 

100 

ns 

Power Supply 

Is 

Power Supply Current 

V|N = 3V (Both Inputs) 

1 

2 

3.5 

mA 



V|N = OV (Both Inputs) 

— 

0.2 

0.3 

mA 


NOTE: 1. Switching times guaranteed by design. 



Figure 1 Inverting Driver Switching Time 


Test Circuit 


9 Vdd=16V 

^ WIMA ^ 
^ MKS-2 


\i¥ CERAMIC 


INPUT O- 




T 

I 


-O OUTPUT 
Cl =1800 pF 


TC4424 
(1/2 TC4425) 



Figure 2 Noninverting Driver Switching Time 
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TIME (ns) *RISE *RISE 


3A DUAL HIGH-SPEED 
MOSFET DRIVERS 


TC4423 

TC4424 

TC4425 


TYPICAL CHARACTERISTICS CURVES 



Rise Time vs Capacitive Load Fall Time vs Capacitive Load 



100 1000 10,000 


C LOAD (pH 



Rise and Fail Times vs Temperature 



Ta (X) 


Propagation Delay vs input Amplitude 



01 23456789 10 11 12 

INPUT (V) 
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3A DUAL HIGH-SPEED 

TC4423 MOSFET DRIVERS 

TC4424 

TC4425 


TYPICAL CHARACTERISTICS CURVES (Cont.) 


Propagation Delay Time vs Supply Voltage 



4 6 8 10 12 14 16 18 

Vdd 

Quiescent Current vs Supply Voltage 


1 r— 

T. - 





■A 



30THI 

JPUTS 

= 1 

— 






















J 



30TH II 

MPUTS 

= 0 



—I 



. 

. 






































4 6 8 10 12 14 16 18 

Vdd 

Output Resistance (Output High) 



4 6 8 10 12 14 16 18 

Vdd 



-55 -35 -15 5 25 45 65 85 105 125 

Ta (X) 

Quiescent Current vs Temperature 



-55 -35 -15 5 25 45 65 85 105 125 

Ta (X) 

Output Resistance (Output Low) 



4 6 8 10 12 14 16 18 

Vdd 
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3A DUAL HIGH-SPEED 
MOSFET DRIVERS 


TC4423 

TC4424 

TC4425 


SUPPLY CURRENT CHARACTERISTICS (Load on Single Output Only) 


Supply Current vs Capacitive Load 



63.4 kHz 

35.5 kHz 
20 kHz 


100 


1000 

^LOAD (P*^) 



10 100 1000 
FREQUENCY (kHz) 



Supply Current vs Capacitive Load Supply Current vs Frequency 




100 


1000 

^LOAD (P^) 


1.125 MHz 

634 kHz 

355 kHz 

112.5 kHz 
20 kHz 


10,000 


4700 pF 


2200 pF 

1000 pF 
100 pF 


10 100 1000 
FREQUENCY (kHz) 
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NOTES 



TC4426 

TC4427 

TC4428 


^A^TELEDYNE 

COMPONENTS 


1.5A DUAL HIGH-SPEED FET DRIVERS 


FEATURES 

■ Tough CMOS™ Construction 

■ Latch-Up Protected: Will Withstand >0.5A 
Reverse Current 

■ Input Will Withstand Negative inputs Up to 5V 


■ ESD Protected.4 kV 

■ High Peak Output Current.1.5A 

■ Wide Operating Range.4.5V to 18V 

■ High Capacitive Load 

Drive Capability.1000 pF in 25 ns 

■ Short Delay Time.<40 ns Typ 


■ Consistent Delay Times With Changes in 
Supply Voltage 

■ Matched Rise and Fall Times 


■ Logic High Input for Any Voltage From 2.4V to Vdd 

■ Logic Input Threshold Independent of Supply 


Voltage 

■ Low Supply Current 

— With Logic “1 ” Input.4 mA 

— With Logic “0” Input. 400 jiA 

■ Low Output Impedance. 7Q. 


■ Output Voltage Swing to Within 25 mV of Ground 
or Vdd 

■ Pinout Same as TC426/TC427/TC428 

■ Available in Inverting, Noninverting, and 
Differential Configurations 


FUNCTIONAL DIAGRAM 


INPUT O 


GND O 



EFFECTIVE 
INPUT 
C= 12pF 


-O Vdd 


300 mV 



INVERTING 

OUTPUTS 



I I 


NONINVERTING 

OUTPUTS 


{>-• 


OUTPUT 


TC4426n'C4427/TC4428 


NOTES: 1. TC4428 has one inverting and one noninverting driver. 
2. Ground any unused driver input. 


1028-1 
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TC4426 

TC4427 

TC4428 


1.5A DUAL HIGH-SPEED FET DRIVERS 


GENERAL DESCRIPTION 

The TC4426/4427/4428 are CMOS buffer/d rivers built 
using Teledyne Components' new Tough CMOS process. 
They are improved versions of the earlier TC426/427/428 
family of buffer/drivers (with which they are pin compatible) 
and are capable of giving reliable service in far more 
demanding electrical environments. They will not latch up 
under any conditions within their power and voltage ratings. 
They are not subject to damage when up to 5V of noise 
spiking (of either polarity) occurs on the ground pin. They 
can accept, without damage or logic upset, up to 500 mA of 
reverse current (of either polarity) being forced back into 
their outputs. All terminals are fully protected against up to 
4 kV of electrostatic discharge. 

In addition. Teledyne now uses a custom-developed 
molding epoxy for plastic packages which, in tests, pro¬ 
duced zero device failures after 10,000 hours in an 85°C- 
85% R.H. environment, and contains 50% less sodium and 
chlorine contamination than standard commercial molding 
compounds, increasing device lifetimes. 

As a result, the TC4426/4427/4428 drivers are much 
easier to use, more flexible in operation, and much more 
forgiving than any other drivers (CMOS or bipolar) currently 
available. Because they are fabricated in CMOS, they 
dissipate a minimum of power and provide rail-to-rall voltage 
swings to ensure the logic state of any load they are driving. 

Although primarily intendedfordriving power MOSFETs, 
the TC4426/4427/4428 drivers are equally well-suited to 
driving any other load (capacitive, resistive, or inductive) 
which requires a low-impedance driver capable of high peak 
currents and fast switching times. For example, heavily 
loaded clock lines, coaxial cables, or piezoelectric transduc¬ 
ers all can be driven from the TC4426/4427/4428. The only 
known limitation on loading is that total power dissipated In 
the driver must be kept within the maximum power dissipa¬ 
tion limits of the package. 

As MOSFET drivers, the TC4426/4427/4428can easily 
switch 1000 pF gate capacitances in under 30 ns, and 
provide low enough impedances in both the ON and OFF 
states to ensure the MOSFET's intended state will not be 
affected, even by large transients. 

Generally, the design of the TC4426/4427/4428 has 
taken into account 5 years of field use (and abuse) of 
Teledyne's earlier parts, with the goal of making these parts 
immune to all forms of improper operation known from that 
period, except exceeding the breakdown voltage and power 
dissipation ratings. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

TC4426COA 

8-Pin SOIC 

0°C to -i-70°C 

TC4426EOA 

8-Pin SOIC 

-40®C to +85°C 

TC4426CPA 

8-Pin Plastic DIP 

0°C to +70°C 

TC4426EPA 

8-Pin Plastic DIP 

-40°C to +85°C 

TC4426EJA 

8-Pin CerDIP 

-40°C to +85'’C 

TC4426MJA 

8-Pin CerDIP 

-55°C t0 4-125°C 

TC4427COA 

8-Pin SOIC 

0°C to +70°C 

TC4427EOA 

8-Pin SOIC 

-40°C to -h85“C 

TC4427CPA 

8-Pin Plastic DIP 

0°C to +70“C 

TC4427EPA 

8-Pin Plastic DIP 

-40°C to +85^C 

TC4427EJA 

8-Pin CerDIP 

-40°C to +85°C 

TC4427MJA 

8-Pin CerDIP 

-55°Cto-h125‘’C 

TC4428COA 

8-Pin SOIC 

0°C to +70°C 

TC4428EOA 

8-Pin SOIC 

-40°C to +85°C 

TC4428CPA 

8-Pin Plastic DIP 

0°C to +70‘’C 

TC4428EPA 

8-Pin Plastic DIP 

-40°C to +85®C 

TC4428EJA 

8-Pin CerDIP 

-40'’C to +85“C 

TC4428MJA 

8-Pin CerDIP 

-55°C to-i-125°C 



1.5A DUAL HIGH-SPEED FET DRIVERS 

TC4426 

TC4427 

TC4428 


ABSOLUTE MAXIMUM RATINGS 


Package Power Dissipation 


Supply Voltage.+22V 

Input Voltage, IN A or IN B.Vdd+0.3V to GND-5.0V 

Maximum Chip Temperature.+150X 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 

Package Thermal Resistance 

CerDIP Rgj-a.150°C/W 

CerDIP Rej-c.50°C/W 

PDIP Rgj-a.125X/W 

PDIP Rgj-c. 42<^C/W 

SOIC Rgj-a .250°C/W 

SOIC Rgj-c .75°C/W 

Operating Temperature Range 

C Version.0°C to +70°C 

E Version.-40°C to +85°C 

M Version.-55°C to +125°C 

Power Dissipation 

Plastic.1000 mW 

CerDIP.800 mW 

SOIC.500 mW 



25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 


operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = -i-25°C with 4.5V ^ Vdd ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V|H 

Logic 1 High Input Voltage 


2.4 

— 

— 

V 

V|L 

Logic 0 Low Input Voltage 


— 

— 

0.8 

V 

l|N 

Input Current 

OV^ V|N=^ Vdd 

-1 

— 


pA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


~ 

— 

0.025 

V 

Ro 

Output Resistance 

Vdd= 18V, lo= 10 mA 

— 

7 

10 

Q 

IPK 

Peak Output Current 


— 

1.5 

— 

A 

Irev 

Latch-Up Protection 

Duty Cycle 2% 

>0.5 

— 

— 

A 


Withstand Reverse Current 

t ^ 300 ps 





Switching Time (Note 1) 

tR 

Rise Time 

Figure 1 

— 

25 

30 

ns 

tp 

Fall Time 

Figure 1 

— 

25 

30 

ns 

tD1 

Delay Time 

Figure 1 

— 

— 

30 

ns 

tD2 

Delay Time 

Figure 1 

— 

~ 

50 

ns 

Power Supply 

Is 

Power Supply Current 

ViN = 3V (Both Inputs) 

— 

— 

4.5 

mA 



V|N = OV (Both Inputs) 

— 

— 


mA 


NOTE: 1. Switching times are guaranteed by design. 
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TC4426 

TC4427 

TC4428 


1.5A DUAL HIGH-SPEED FET DRIVERS 


PIN CONFIGURATIONS 



ELECTRICAL CHARACTERISTICS 

Specifications measured over operating temperature range with 4.5V Vdd ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V|H 

Logic 1 High Input Voltage 


2.4 

— 

— 

V 

V|L 

Logic 0 Low Input Voltage 


— 

— 

0.8 

V 

l|N 

Input Current 

0V=^ V|N=^ Vdd 

-1 

— 

1 

pA 

Output 

VoH 

High Output Voltage 


Vdd”0-025 

— 

— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Ro 

Output Resistance 

Vdd = 18V, Iq = 10 mA 

— 

9 

12 

Q 

IpK 

Peak Output Current 


— 

1.5 

— 

A 

I REV 

Latch-Up Protection 

Duty Cycle ^ 2% 

>0.5 

— 

— 

A 


Withstand Reverse Current 

t ^ 300 |xs 





Switching Time (Note 1) 

tR 

Rise Time 

Figure 1 

— 

— 

40 

ns 

tF 

Fall Time 

Figure 1 

— 

— 

40 

ns 

tDl 

Delay Time 

Figure 1 

— 

— 

40 

ns 

tD2 

Delay Time 

Figure 1 

— 

— 

60 

ns 

Power Supply 

Is 

Power Supply Current 

V|N = 3V (Both Inputs) 

— 

— 

8 

mA 



V|N = OV (Both Inputs) 

— 

__ 

0.6 

mA 


NOTE: 1. Switching times are guaranteed by design. 
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1.5A DUAL HIGH-SPEED FET DRIVERS 


TC4426 

TC4427 

TC4428 





Figure 1. Switching Time Test Circuit 


BONDING DIAGRAM 



NOTES: 

1. Back of die is common to V^p. 

2. Back of die is not metallized. 





NOTE: The values on this graph represent the loss seen by both 
drivers in a package during one complete cycle. For a single 
driver, divide the stated values by 2. Fora single transition of a 
single driver, divide the stated value by 4. 
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1.5A DUAL HIGH-SPEED FET DRIVERS 




























1.5A DUAL HIGH-SPEED FET DRIVERS 

TC4426 

TC4427 

TC4428 


TYPICAL CHARACTERISTICS CURVES (Cont.) 


Effect of Input Amplitude on Delay Time 



0 2 4 6 8 10 

Vdrive (V) 

Quiescent Supply Current vs Voltage 


< 

E 


D 

O 



4 6 8 10 12 14 16 18 



4 6 8 10 12 14 16 18 


''dd 


Propagation Delay Time vs Temperature 



-55 -35 -15 5 25 45 65 85 105 125 

TaTC) 


Quiescent Supply Current vs Temperature 



-55 -35 -15 5 25 45 65 85 105 125 


TaTC) 



4 6 8 10 12 14 16 18 
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TC4426 

TC4427 

TC4428 


1.5A DUAL HIGH-SPEED FET DRIVERS 


SUPPLY CURRENT CHARACTERISTICS CURVES (Load on Single Output Only) 


Supply Current vs Capacitive Load 


Supply Current vs Frequency 



^LOAotP'') 


FREQUENCY (kHz) 























^n^teledyne 

COMPONENTS 

TC4437/8/9 TC4467/8/9 


TC4457/8/9 TC4487/8/9 


POWER LOGIC CMOS QUAD DRIVERS 

FEATURES APPLICATIONS 

■ Tough CMOS™ Construction ■ General-Purpose CMOS Logic Buffer 

■ Latchproof! Withstands 500 mA Inductive Kickback ■ Driving All Four MOSFETs in an H-Bridge 

■ 3 input Logic Choices ■ Direct Small Motor Driver 

— AND/NAND/AND+lnv ■ Relay or Peripheral Drivers 

■ 4 Output Structures ■ Dual Differential Output Power Drivers 

— Pull-Up/Pull-Down/Totem Pole/ ■ CCD Driver 

Pull-Down with Clamp Diode ■ Pin-Switching Network Driver 

■ Inverting or Non-Inverting Outputs ■ LED Driver 

■ Symmetrical Rise and Fall Times.25 ns ■ High Side Switch 

■ Short, Equal Delay Times.75 ns 

■ High Peak Output Current.1.2A 

■ Wide Operating Range...4.5 to 18V 

■ Inputs = Logic 1 for Any Input From 2.4V to Vdd 

■ 2 kV ESD Protection on All Pins 



LOGIC DIAGRAMS 



1029-1 
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POWER LOGIC CMOS 
QUAD DRIVERS 


TC4437/8/9 TC4467/8/9 

TC4457/8/9 TC4487/8/9 


GENERAL DESCRIPTION 

The TC44XX family of four-output CMOS buffer/drivers 
are an expansion from our earlier single- and dual-output 
drivers. Each driver has been equipped with a two-input 
logic gate for added flexibility. Four output configurations 
have also been provided, so high-efficiency CMOS drivers 
can be used whether the application requires a totem-pole 
output or pull-up/pull-down output, or pull-down with a clamp 
diode. These different input and output combinations make 
these Power Logic™ drivers well suited for a wide range of 
applications. 

Although commonly used for driving power MOSFETs 
and similar highly capacitive loads, these drivers are equally 
well suited to driving any other load (capacitive, resistive, or 
inductive) which requires a high efficiency, low-impedance 
driver capable of high peak currents, rail-to-rail voltage 
swings, and fast switching times. For example, relays and 
solenoids can be driven with the 445X driver which contains 
an internal clamp diode which will shunt inductive flybacks 
back to the supply. The 443X driver provides a fast, low 
impedance path to ground for devices referenced to the 
upper supply rail like indicators, sounders or pin drivers. The 
448X driver can source up to 250 mA into loads referenced 
to ground. Heavily loaded clock lines, coaxial cables, and 
piezoelectric transducers can all be driven easily with the 
44XX series drivers. The only limitation on loading is that 
total power dissipation in the 1C must be kept within the 
power dissipation limits of the package. 

The TC44XX series drivers are built using Teledyne 
Component's new Tough CMOS process, which makes 
them easy and forgiving parts to use; capable of giving 
reliable service in very demanding operating environments. 
They will not latch under any conditions within their power 
and voltage ratings. They are not subject to damage when 
up to 5V of noise spiking (either polarity) occurs on the 
ground line. They can accept up to half an amp of inductive 
kickback current (either polarity) into their outputs without 
damage or logic upset. In addition, all terminals are pro¬ 
tected against ESD to at least 2000V. Even the molding 
epoxy used on our plastic packages has been custom 
developed to contain less sodium and chlorine contamina¬ 
tion than standard commercial molding compounds. In 
tests, it demonstrated zero device failures after 10,000 
hours in an 85°C, 85% relative humidity environment. 


ORDERING INFORMATION 


Part No. 

Package 

Temp. Range 

TC44*‘CPD 

14-Pin Plastic DIP 

0° to +70°C 

TC44**COE 

16-Pin Wide SOIC 

0*^ to +70°C 

TC44**EPD 

14-Pin Plastic DIP 

-40° to -i-85°C 

TC44**EOE 

16-Pin Wide SOIC 

-40° to -»-85°C 

TC44**EJD 

14-Pin CerDIP 

-40° to +85°C 

TC44**MJD 

14-Pin CerDIP 

-55° to+125°C 


**Two digits must be added in this position to define the device input 
and output configuration: TC44XX 


3 Pull-Down 7 NAND 

5 Pull-Down with Clamp Diode 8 AND 

6 Pull-Up and Down 9 AND with INV 

8 Pull-Up 

The first digit represents output structure. The second digit represents 
input logic. Example: TC4487 has a pull-up output and a NAND input. 


TRUTH TABLE 


Part No. 

Inputs 

A B 

443X 

Outputs 
445X 446X 

448X 

TC44V 

H 

H 

L 

L 

L 

F 

NAND 

H 

L 

F 

F 

H 

H 


L 

H 

F 

F 

H 

H 


L 

L 

F 

F 

H 

H 

TC44*8 

H 

H 

F 

F 

H 

H 

AND 

H 

L 

L 

L 

L 

F 


L 

H 

L 

L 

L 

F 


L 

L 

L 

L 

L 

F 

TC44’^9 

H 

H 

L 

L 

L 

F 

AND/ 

H 

L 

F 

F 

H 

H 

INV 

L 

H 

L 

L 

L 

F 


L 

L 

L 

L 

L 

F 


H = High L = Low F = Floating 
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POWER LOGIC CMOS 
QUAD DRIVERS 


TC4437/8/9 TC4467/8/9 

TC4457/8/9 TC4487/8/9 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.+20V 

Input Voltage.(GND - 5V) to (Vdd + 0.3V) 

Maximum Chip Temperature 

Operating.+150"*C 

Storage.-65° to +150°C 

Maximum Lead Temperature 

(Soldering, 10 sec).+300°C 

Operating Ambient Temperature Range 

C Device.0° to +70°C 

E Device.-40° to +85°C 

M Device.-55° to +125°C 

Power Dissipation 

JD Package (14-Pin CerDIP).1.25W 

PD Package (14-Pin Plastic DIP).1.5W 

OE Package (16-Pin Wide SOIC).1W 


Package Thermal Resistance 

JD Package (14-Pin CerDIP) 

Rej-A. 

.10 mW/°C 


Rej-c. 

.45 mW/°C 

PD Package (14-Pin Plastic DIP) 

Rej-A. 

.12mW/°C 


Rej-c. 

.20 mWrC 

OE Package (16-Pin Wide SOIC) 

Rgj-a. 

.8 mW/°C 


RqJ-C. 

.31 mW/°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Measured at Ta = -i-25°C with 4.5V ^ Vdd ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

ViH 

Logic 1, High Input Voltage 

Note 3 

2.4 


Vdd 

V 

VlL 

Logic 0, Low Input Voltage 

Note 3 

0 


0.8 

V 

l|N 

Input Current 

0V=^Vin^Vdd 

-1 


1 

pA 

Output 

VoH 

High Output Voltage 

Iload= 10 mA (Note 1) 

Vdd-0.15 



V 

VoL 

Low Output Voltage 

Load = 10 mA (Note 1) 



0.15 

V 

Ro 

Output Resistance 

louT = 10 mA, Vdd = 18V 


10 

15 

n 

IpK 

Peak Output Current 

! 


1.2 


A 

be 

Continuous Output Current 

Single Output 



300 

mA 



Total Package 



500 

mA 

1 

Latch-Up Protection 

4.5V ^ Vdd ^ 16V 

500 



mA 


Withstand Reverse Current 






Switching Time 

tR 

Rise Time 

Figure 1 


15 

25 

ns 

tp 

Fall Time 

Figure 1 


15 

25 

ns 

tD1 

Delay Time 

Figure 1 1 


40 

75 

ns 

tD2 

Delay Time 

Figure 1 


40 

75 

ns 

Power Supply 

Is 

Power Supply Current 



1.5 

4 

mA 

Vdd 

Power Supply Voltage 

Note 2 

4.5 


18 

V 
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POWER LOGIC CMOS 
QUAD DRIVERS 


TC4437/8/9 TC4467/8/9 

TC4457/8/9 TC4487/8/9 


ELECTRICAL CHARACTERISTICS: Measured throughout operating temperature range with 4.5V ^ Vdd=^ 18V, 

unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

ViH 

Logic 1, High Input Voltage 

(Note 3) 

2.4 



V 

V|L 

Logic 0, Low Input Voltage 

(Note 3) 



0.8 

V 

l|N 

Input Current 

o 

< 

/A 

< 

z 

/A 

< 

o 

o 

-1 


1 

pA 

Output 

VoH 

High Output Voltage 

Iload =10 mA (Note 1) 

Vdd -0.30 



V 

VoL 

Low Output Voltage 

Iload = 10 mA (Note 1) 



0.30 

V 

Ro 

Output Resistance 

•out =10 mA, Vdd = 1 8V 


20 

30 

Q. 

IPK 

Peak Output Current 



1.2 


A 

1 

Latch-Up Protection 

Withstand Reverse Current 

4.5V ^ Vdd ^ 16V 

500 



mA 

Switching Time 

tR 

Rise Time 

Figure 1 



50 

ns 

tp 

Fall Time 

Figure 1 



50 

ns 

tDl 

Delay Time 

Figure 1 



100 

ns 

tD2 

Delay Time 

Figure 1 



100 

ns 

Power Supply 

Is 

Power Supply Current 




8 

mA 

Is 

Power Supply Voltage 

Note 2 

4.5 


18 

V 


NOTES: 1 . Totem-pole outputs should not be paralleled because the propagation delay differences from one to the other could cause one driver to 
drive high a few nanoseconds before another. The resulting current spike, although short, may decrease the life of the device, 

2. When driving all four outputs simultaneously in the same direction, Vdd shall be limited to 16V. This reduces the chance that internal 
dv/dt will cause high-power dissipation in the device. 

3. The input threshold has about 50 mV of hysteresis centered at approximately 1.5V. Slow moving inputs will force the device to 
dissipate high peak currents as the input transitions through this band. Input rise times should be kept below 5 ps to avoid high internal 
peak currents during input transitions. Static input levels should also be maintained above the maximum or below the minimum input 
levels specified in the "Electrical Characteristics" to avoid increased power dissipation in the device. 

PACKAGE POWER DISSIPATION PIN CONFIGURATIONS 




25 50 75 100 125 150 

AMBIENT TEMPERATURE ("C) 
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POWER LOGIC CMOS 
QUAD DRIVERS 


TC4437/8/9 TC4467/8/9 

TC4457/8/9 TC4487/8/9 


Supply Bypassing 

Large currents are required to charge and discharge 
large capacitive loads quickly. For example, charging a 
1000 pF load 18V in 25 ns requires a 0.8A current from the 
device's power supply. 

To guarantee low supply impedance over a wide fre¬ 
quency range, a parallel capacitor combination is recom¬ 
mended for supply bypassing. Low inductance ceramic disk 
capacitors with short lead lengths (<0.5 in.) should be used. 
A 1 pF film capacitor in parallel with one or two 0.1 pF 
ceramic disk capacitors normally provides adequate by¬ 
passing. 

Grounding 

The TC44X7 and TC44X9 contain inverting drivers. 
Ground potential drops developed in common ground im¬ 
pedances from input to output will appear as negative 
feedback and degrade switching speed characteristics. 

Individual ground returns for input and output circuits or 
a ground plane should be used. 

Input Stage 

The input voltage level changes the no load or quiescent 
supply current. The N-channel MOSFET Input stage transis¬ 
tor drives a 2.5 mA current source load. With logic "0" 
outputs, maximum quiescent supply current is 4 mA. Logic 
"1" output level signals reduce quiescent current to 1.4 mA 
maximum. Unused driver inputs must be connected to Vdd 
or Vss. Minimum power dissipation occurs for logic "1" 
outputs. 

The drivers are designed with 50 mV of hysteresis. This 
provides clean transitions and minimizes output stage cur¬ 
rent spiking when changing states. Input voltage thresholds 
are approximately 1.5V, making Logic 1 input any voltage 
greater than 1.5V up to Vdd- Input current is less than 1 |iA 
over this range. 

Power Dissipation 

The supply current versus frequency and supply current 
versus capacitive load characteristic curves will aid in deter¬ 
mining power dissipation calculations. 

Teledyne Components' CMOS drivers have greatly 
reduced quiescent DC power consumption. Maximum qui¬ 
escent current Is 4 mA, compared to the D469's 20 mA 
specification. 

Input signal duty cycle, power supply voltage, and load 
type influence package power dissipation. Given power 
dissipation and package thermal resistance, the maximum 
ambient operation temperature is easily calculated. The 14- 
pin plastic package junction-to-ambient thermal resistance 
is 83.3®C/W. At +25°C, the package Is rated at 1500 mW 
maximum dissipation. Maximum allowable chip tempera¬ 
ture is +150°C. 


Three components make up total package power 
dissipation: 

(1) Load caused dissipation (Pl) 

(2) Quiescent power (Pq) 

(3) Transition power (Pj). 

A capacitive-load-caused dissipation (driving MOSFET 
gates), is a direct function of frequency, capacitive load, and 
supply voltage. The power dissipation Is; 


6 


where: f = Switching frequency 
C = Capacitive load 
Vs = Supply voltage. 

A resistive-load-caused dissipation for ground-refer¬ 
enced loads Is a function of duty cycle, load current, and 
load voltage. The power dissipation is; 

Pl = D(Vs-Vl) II. 

where: D = Duty cycle 

Vs = Supply voltage 
Vl = Load voltage 
II = Load current. 

A resistive-load-caused dissipation for supply-refer¬ 
enced loads is a function of duty cycle, load current, and 
output voltage. The power dissipation is: 

Pl = D Vo II, 

where; f = Switching frequency 

Vo = Device output voltage 
II = Load current. 

Quiescent power dissipation depends on input signal 
duty cycle. Logic high outputs result in a lower power 
dissipation mode with only 0.6 mA total current drain (all 
devices driven). Logic low outputs raise the current to 4 mA 
maximum. The quiescent power dissipation is: 

Pq = Vs (D(Ih) + (1-D)Il). 

where: Ih = Quiescent current with all outputs low 
(4 mA max) 

II = Quiescent current with all outputs high 
(0.6 mA max) 

D = Duty cycle 
Vs =Supply voltage. 
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POWER LOGIC CMOS 
QUAD DRIVERS 


TC4437/8/9 TC4467/8/9 

TC4457/8/9 TC4487/8/9 


Transition power dissipation arises in the totem-pole 
configuration (TC446X) because the output stage 
N-channel and P-channel MOS transistors are ON 
simultaneously for a very short period when the output 
changes. The transition power dissipation is approximately: 

PT = fVs (10 X 10-9). 

Package power dissipation is the sum of load, quies¬ 
cent and transition power dissipations. An example shows 
the relative magnitude for each term: 

C = 1000 pF capacitive load 
Vs = 15V 
D =50% 
f = 200 kHz 

Pd = Package Power Dissipation = Pl + Pq + Pj 
= 45 mW + 35 mW + 30 mW = 110 mW. 


Maximum operating temperature: 

Tj-Oja (Pd) = 141°C, 

where: Tj = Maximum allowable junction temperature 
(+150°C) 

6ja = Junction-to-ambient thermal resistance 
(83.3°C/W) 14-pin plastic package. 

NOTE: Ambient operating temperature should not exceed +85°C for 
"EJD" device or +125°C for "MJD" device. 



Figure 1 Switching Time Test Circuit 
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POWER LOGIC CMOS 
QUAD DRIVERS 


TC4437/8/9 TC4467/8/9 

TC4457/8/9 TC4487/8/9 


CHARACTERISTICS CURVES 


Rise Time vs Suppiy Voitage Fall Time vs Supply Voltage 

(TC446X, TC448X) (TC443X, TC445X, TC446X) 




Rise Time vs Capacitive Load 


Fall Time vs Capacitive Load 



ClOADCpH CloAD(P*^ 



TEMPERATURE (°C) 


Propagation Delay Time vs Supply Voltage 



'^SUPPLY (y) 
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POWER LOGIC CMOS 
QUAD DRIVERS 


TC4437/8/9 TC4467/8/9 

TC4457/8/9 TC4487/8/9 


CHARACTERISTICS CURVES (Cent.) 



Vdrive (V) 


Propagation Delay Times vs Temperature 



Quiescent Supply Current vs Supply Voltage 



''supply (V) 


Quiescent Supply Current vs Temperature 



-60 ^0 -20 0 20 40 60 80 100 120 

^JUNCTION ("C) 


High-State Output Resistance 



''supply 


Low-State Output Resistance 



''supply 
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POWER LOGIC CMOS 
QUAD DRIVERS 


TC4437/8/9 TC4467/8/9 

TC4457/8/9 TC4487/8/9 


SUPPLY CURRENT CHARACTERISTICS (Load on Single Output Only) 


Supply Current vs Capacitive Load 
(TC446X) 



‘^LOAD (Pf") 


Supply Current vs Frequency 
(TC446X) 



qI _I .J J I J .LIll_1_I_I,.-I ,I,J L -U _ 1_I_ LJ 

10 100 1000 10,000 
FREQUENCY (kHz) 



Supply Current vs Capacitive Load 
(TC446X) 


Supply Current vs Frequency 
(TC446X) 



^ LOAD FREQUENCY (kHz) 


Supply Current vs Capacitive Load 
(TC446X) 


Supply Current vs Frequency 
(TC446X) 



C| oAn (P*^) FREQUENCY (kHz) 
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POWER LOGIC CMOS 
QUAD DRIVERS 


TYPICAL APPLICATIONS 


Quad Relay Driver Interface 

+SVTO+15V 



I RELAY 


Quad Driver for H-Bridge Motor Control 

+5V TO +15V 


"f 


I DIRECTION > - 
FWD^ 

I PWM speedV 

rULfL 


TC4469 

to 




O 

o 
o 


12 


10 


[^liD 




T 


ID 


Stepper Motor Drive 

+5V TO +15V 



ligM MOTOR 
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POWER LOGIC CMOS 
QUAD DRIVERS 


TC4437/8/9 

TC4457/8/9 


TC4467/8/9 

TC4487/8/9 


TYPICAL APPLICATIONS (Cont.) 


48-Volt, 3-Phase Brushless Output Stage 
4SV 



1A 



IB 


1Y 

2A 



2B 

U1 

2Y 

3A 



3B 


3Y 

4A 

4B 


4Y 


D2 I D3 1 041 


-1:^1 

4.7 kn 2N55501 
_ RIO V 











NOTES 



^^y^TELEDYNE 

COMPONENTS 


TC4460 TC4462 

TC4461 TC4463 


CURRENT-SENSING, 6 AMP POWER MOSFET DRIVER 

FEATURES 


■ Complete Fault-Sensing Power Driver 
— High Peak Output Current Driver 


— Comparator 
— Latch 

■ High Peak Output Current.6A 

■ Matched Rise and Fall Times 

■ High Capacitive Load Drive 

Capability.2500 pF in 25 ns 

■ Output Swing to within 25 mV of DGND or Vdd 

■ Low Output Impedance.2.5^1 

■ Fast Comparator.170 ns typ 


■ Precision Comparator Threshold... 100 mV ±10 mV 

■ Latch Status Output 

■ Tough CMOS™ Construction 

■ Logic Input Will Withstand Negative Swing 
Up to -5V 

■ Latch-up Protected: Will Withstand > 1.5A 
Reverse Output Current 

■ Logic High Input, Any Supply Voltage 2.4V to Vdd 


■ Low Supply Current 

— With Logic ‘1’ Input.6 mA 

— With Logic ‘0’ Input.3 mA 


FUNCTIONAL DIAGRAM 


Vdd Vdd 



NOTE: PIN NUMBERS SHOWN FOR 14-PIN DIP. 


1030-1 (4351) 
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CURRENT-SENSING, 6 AMP 
POWER MOSFET DRIVER 


TC4460 TC4462 

TC4461 TC4463 


GENERAL DESCRIPTION 

The TC4460/446174462/4463 are high speed CMOS 
drivers which incorporate a comparator input to terminate 
the output pulse. These devices are ideal for driving power 
MOSFETS, such as SENSEFETS®, which include a sepa¬ 
rate output which mirrors drain current. 

The TC4460 devices consist of a power driver, com¬ 
parator, and latch. In normal operation the device operates 
as a power driver with a 6 A peak current totem-pole 
output. When the comparator threshold is exceeded, the 
latch is set and the output turns off. The output will not turn 
on again until the latch is reset. A ‘LOCK’ output is pro¬ 
vided to signal that the output is disabled. 

The TC4460 is ideal for applications which require fast 
response to an overload condition, such as PWM motor 
drive circuits. The response time is enhanced because the 
overload indication does not have to propagate through the 
control loop circuitry. Instead, the comparator directly 
monitors the SENSEFET current and turns off the driver 
output. The comparator delay is typically only 170 ns. 

The comparator threshold is set internally at 100 mV 
±10 mV. In most applications the comparator threshold will 
be referenced to analog ground, but the comparator com¬ 
mon mode range extends from 0 V to 3 V. 

With a comparator threshold of only 100 mV, low value 
resistors can be used to monitor the SENSEFET’s current. 
Low impedances maximize the SENSEFET linearity, as 
well as Improving response time and reducing noise. 

The totem-pole output will sink or source 6 A peak 
current, with an output impedance of 2.5^2. Output swing Is 
to within 25mV of either supply rail, which ensures that a 
power MOSFET will be turned fully ON or fully OFF. Rise 
and fall times are only 25 ns with a 2500 pF load. Maxi¬ 
mum load capacitance is essentially limited by package 
power dissipation. 

The TC4460/446174462/4463 are built with Teledyne 
Component’s Tough CMOS™ process. Digital inputs are 
protected from noise spikes up to 5V below ground, while 
the output will accept up to 1.5A of reverse current (of 
either polarity) without damage. 


ORDERING INFORMATION 


Part No. 

Output Reset Temp 

Polarity Polarity Package Range 

TC4460CPD 

Noninverting 

Low 

8-Pin PDIP 0°Cto+70°C 

TC4460COE 

Noninverting 

Low 

8-Pin SOIC 0®Cto+70°C 

TC4460EPD 

Noninverting 

Low 

8-Pin PDIP -40°Cto+85°C 

TC4460EOE 

Noninverting 

Low 

8-Pin SOIC -40°Cto+85°C 

TC4460MJD 

Noninverting 

Low 

8-Pin CerDIP-55°Cto-»-125°C 

TC4461CPD 

Inverting 

Low 

8-Pin PDIP -55°Cto+125°C 

TC4461COE 

Inverting 

Low 

8-Pin PDIP -55°Cto+125°C 

TC4461EPD 

Inverting 

Low 

8-Pin PDIP -55°Cto-Hl25°C 

TC4461EOE 

Inverting 

Low 

8-Pin PDIP -55°Cto+125°C 

TC4461MJD 

Inverting 

Low 

8-Pin PDIP -55°Cto-f-125°C 

TC4462CPD 

Noninverting 

Hi 

8-Pin PDIP -55°Cto-h125°C 

TC4462COE 

Noninverting 

Hi 

8-Pin PDIP -55°Cto+125°C 

TC4462EPD 

Noninverting 

Hi 

8-Pin PDIP -55'’Cto+125°C 

TC4462EOE 

Noninveiting 

Hi 

8-Pin PDIP -55°Cto-Hl25°C 

TC4462MJD 

Noninverting 

Hi 

8-Pin PDIP -55°Cto-t-125°C 

TC4463CPD 

Inverting 

Hi 

8-Pin PDIP -55°Cto+125°C 

TC4463COE 

Inverting 

Hi 

8-Pin PDIP -55‘^Cto+125°C 

TC4463EPD 

Inverting 

Hi 

8-Pin PDIP -55°Cto+125°C 

TC4463EOE 

Inverting 

Hi 

8-Pin PDIP -55^Cto+125°C 

TC4463MJD 

inverting 

Hi 

8-Pin PDIP -55°Cto+125°C 
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CURRENT-SENSING, 6 AMP 
POWER MOSFET DRIVER 


TC4460 TC4462 

TC4461 TC4463 


PIN CONFIGURATIONS 



DIP 


INPUT []r 

KJ 

jI] 

RESET [11 


JE Vdd 

vEZ 


TC4460- 

jE Vdd 

AGND 


ZEvout 

IN- 

TC4463 

jE Vout 

IN+ [V 


~9~| DGND 

^BYPASS [j1 


~i~| DGND 


SOIC 


INPUT 



IFI LOCK 

RESET [Y 



Jll VpD 



TC4460- 

H] Vdd 

AGND 


JLI ''out 

IN- 


TC4463 

jU Vout 

IN+ 



TTI DGND 

^BYPASS [H 



lol DGND 

NC 



"IT] NC 

NOTE: DUPLICATE PINS MUST BOTH BE 

CONNECTED FOR PROPER OPERATION. 

NC = NO INTERNAL CONNECTION 



4351 ILL 02 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, Digital and Analog.+22V 

Input Voltage, Pins 1 and 2. Vdd+ 0.3V to GND-5.0V 

Input Voltage, 

Pins 5 and 6.Vs'^+O.SV to Analog GND-0.3V 

Maximum Chip Temperature.-i-150°C 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 

Package Thermal Resistance 

CerDIP Rsj-a .150°C/W 

CerDlP Rsj-c.55°C/E 

PDIP Rsj-a .125°C/W 

PDIP Rsj-c.45^C/W 

SOIC Rsj-a .250°C/W 

SOIC Rsj-c.75°C/W 

Operating Temperature Range 

C Device.0°C to +70°C 

E Device.-40°C to +85°C 

M Device.-55°C to +125°C 

Power Disipation 

Plastic DIP.1000 mW 

CerDIP.800 mW 

SOIC.500 mW 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 
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CURRENT’SENSING, 6 AMP 
POWER MOSFET DRIVER 


TC4460 TC4462 

TC4461 TC4463 


ELECTRICAL CHARACTERISTICS: Ta = +25''C with 4.5V< Vdd ^ 18V, unless otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Input 

ViH 

Logic 1 High Input Voltage 


2.4 

— 

— 

V 

V|L 

Logic 1 Low Input Voltage 


— 

— 

0.8 

V 

In 

Input Current 

OV < V|N ^ Vdd 

-10 

— 

10 

^lA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Ro 

Output Resistance, High 

louT= 10mA, Vdd = 1 8V 

— 

CM 

cvi 

2.8 

Q. 

Ro 

Output Resistance, Low 

louT= 10mA, Vdd = 18V 

— 

1.9 

2.5 

Q 

IPK 

Peak Output Current 


— 

6 

— 

A 

Irev 

Latch-Up Protection 

Duty Cycle < 2% 

1.5 

— 

— 

A 


Withstand Reverse Current 

t < 300 ps 





Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl = 2500 pF 

— 

21 

25 

ns 

tp 

FallTime 

Figure 1, Cl = 2500 pF 

— 

21 

25 

ns 

tD1 

Delay Time 

Figure 1, Cl = 2500 pF 

— 

65 

75 

ns 

tD2 

Delay Time 

Figure 1, Cl = 2500 pF 

— 

65 

75 

ns 

Comparator (Note 1) 

l|N+ 

Comparator Input Bias 


— 

__ 

1 

|j,A 


Current (Plus) 






IlN- 

Comparator Input Bias 


__ 

— 

150 



Current (Minus) 






Vos 

Comparator Offset 


90 

— 

110 

mV 

VcMR 

Comparator Common Mode 


0 

— 

3 

V 


Range 






Tcdo 

Comparator Delay to Vqut 

25 mV Overdrive 

— 

170 

200 

ns 

Tcdl 

Comparator Delay to LOCK 

25 mV Overdrive 

— 

170 

200 

ns 

Trdl 

Reset Delay to LOCK 


— 

70 

100 

ns 

Trdo 

Reset Delay to Output 


— 

90 

120 

ns 

V|HL 

Latch Input High 

Pin 2, RESET 

2.4 

— 


V 

VlLL 

Latch Input Low 

Pin 2, RESET 

— 

— 

0.8 

V 

Power Supply 

Is 

Power Supply Current 

V|N = 3V (Both Inputs) 

— 

3.5 

6 

mA 



V|N = OV (Both Inputs) 

— 

2.8 

3 

mA 


NOTES: 1. Switching times guaranteed by design. 
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CURRENT-SENSING, 6 AMP 
POWER MOSFET DRIVER 


TC4460 TC4462 

TC4461 TC4463 


ELECTRICAL CHARACTERISTICS: Over operating temperature range with 4.5V< Vdd = 18V, unless 
otherwise specified. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Input 

V|H 

Logic 1 High Input Voltage 


2.4 

— 

_ 

V 

V|L 

Logic 1 Low Input Voltage 


— 

— 

0.8 

V 

In 

Input Current 

OV < V|N < Vdd 

-10 

— 

10 

^lA 

Output 

VoH 

High Output Voltage 


Vdd-0.025 

— 

— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Ro 

Output Resistance, High 

louT= 10mA, Vdd = 18V 

— 

2.8 

5 

Q 

Ro 

Output Resistance, Low 

louT= 10mA, Vdd = 18V 

— 

3.5 

5 

Q. 

IPK 

Peak Output Current 


— 

6 

— 

A 

Irev 

Latch-Up Protection 

Duty Cycle < 2% 

1.5 

— 

— 

A 


Withstand Reverse Current 

t < 300 ILLS 





Switching Time (Note 1) 

tR 

Rise Time 

Figure 1, Cl = 2500 pF 

— 

30 

35 

ns 

tp 

FallTime 

Figure 1, Cl = 2500 pF 

— 

30 

35 

ns 

tDl 

Delay Time 

Figure 1, Cl = 2500 pF 

" _ T 

80 

90 

ns 

tD2 

Delay Time 

Figure 1, Cl = 2500 pF 

— 

80 

90 

ns 

Comparator (Note 1) 

l|N+ 

Comparator Input Bias 


— 

— 

1 

fiA 


Current (Plus) 






l|N- 

Comparator Input Bias 


— 

— 

150 

hA 


Current (Minus) 






Vos 

Comparator Offset 


85 

— 

115 

mV 

VcMR 

Comparator Common Mode 


0 

— 

3 

V 


Range 



j 



Tcdo 

Comparator Delay to Vqut 

25 mV Overdrive 

— 

150 

280 

ns 

Tcdl 

Comparator Delay to LOCK 

25 mV Overdrive 

— 

150 

280 

ns 

Trdl 

Reset Delay to LOCK 


— 

70 

140 

ns 

Trdo 

Reset Delay to Output 


— 

90 

160 

ns 

ViHL 

Latch Input High 

Pin 2. RESET 

2.4 

— 


V 

ViLL 

Latch Input Low 

Pin 2, RESET 

— 

— 

0.8 

V 

Power Supply 

Is 

Power Supply Current 

ViN = 3V (Both Inputs) 

I 

3.5 

6 

mA 



V|N = OV (Both Inputs) 

— 

2.8 

3.0 

mA 


NOTES: 1. Switching times guaranteed by design. 





TC4460 TC4462 

TC4461 TC4463 


SWITCHING TIME TEST CIRCUIT 




4351 ILL F04 


NONINVERTING DRIVER 



4351 ILL F05 










TC4626 

TC4627 


"P^^TELEDYNE 

COMPONENTS 


POWER CMOS DRIVERS WITH Vdd TRIPLER 


FEATURES 


GENERAL DESCRIPTION 


■ Power driver with on Board Voltage Tripler 

■ Low IDD < 2.0 mA 

■ Small Package - 8 Pin PDIP 

■ Under voltage Circuitry 

■ Fast Rise-Fall Time < 50 ns @ tOOOpF 

■ Below Rail Input Protection 


TheTC4626/4627 are single CMOS high speed drivers 
with an on board voltage tripler. Three external capacitors 
are required for the voltage tripler function. The part works 
with input supply voltages from 2.6 volts to 6 volts depending 
on the exact load requirements. An internal undervoltage 
lockout circuit keeps the driver section disenabled while the 
voltage at Vdrive remains below 9 volts. 


FUNCTIONAL DIAGRAM 



NOTE: Pin numbers correspond to 8-pin package 



1031-1 
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POWER CMOS DRIVERS WITH Vqd TRIPLER 


TC4626 

TC4627 


ORDERING INFORMATION 


Part No. 

Package 

TC4626MJA 

8-Pin CerDIP 

TC4627MJA 

8-Pin CerDIP 

TC4626EPA 

8-Pin PDIP 

TC4627EPA 

8-Pin PDIP 

TC4626EOE 

16-Pin SOIC 

TC4627EOE 

16-Pin SOIC 

TC4626CPA 

8-Pin PDIP 

TC4627CPA 

8-Pin PDIP 

TC4626COE 

16-Pin SOIC 

TC4627COE 

16-Pin SOIC 


ABSOLUTE MAXIMUM RATINGS 

Power Dissipation 

PDIP.500 mW 

CerDIP.800mW 

Derating Factor 

PDIP.5.6 mW/°C Above 36®C 

CerDIP.e.OmW/'^C 

Supply Voltage.18V 

Input Voltage, Any Terminal.Vg + 0.3V to GND -0.3V 

Operating Temperature: M Version.-55°C to +125°C 

E Version.-40°C to +85°C 

C Version.0°C to +70°C 

Maximum Chip Temperature.+150'^C 

Storage Temperature.-60°C to +150°C 

Lead Temperature (10 sec).+300°C 


PIN CONFIGURATIONS 
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POWER CMOS DRIVERS WITH Vqd TRIPLER 


TC4626 

TC4627 


ELECTRICAL CHARACTERISTICS (T, = 25°C Vpp= 5V = Cg = Cg 10|jlF unless otherwise specified.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Driver Input 

V,H 

Logic 1, Input Voltage 


2.4 

— 

— 

V 

V,L 

Logic 0, Input Voltage 


— 

— 

0.8 

V 

l,N 

Input Current 

OV ^ V ^ V 

^ ''in DRIVE 

-1 

~ 

1 

pA 

Driver Output 

VoH 

High Output Voltage 


Vor,ve-0025 

— 

— 

V 

VoL 

Low Output Voltage 


— 

— 

0.025 

V 

Ro 

Output Resistance 

V„ = 0.8V 

l„,, = 10mA.V,„ = 5V 

— 

10 

15 

n 



— 

6 

10 

Q 


l„^ = 10mA.V„„ = 5V 

^PK 

Peak Output Current 


— 

1.5 

— 

A 

Switching Time 

‘r 

Rise Time 

Test Figure 1,2 

— 

— 

40 

ns 

•r 

Fall Time 

Test Figure 1,2 

— 

— 

40 

ns 

‘d, 

'Delay Time 

Test Figure 1,2 

— 

— 

40 

ns 

‘d. 

Delay Time 

Test Figure 1,2 

— 

_ 

40 

ns 

^MAX 

Maximum Switching Frequency 

Test Figure 1 

1.0 

— 

— 

MHz 



V =:5V V > 10V 





R. 

Voltage Tripler Output 

Source Resistance 

l^ = 10mA, Vop = 5V 

— 

220 

400 

Q. 

R. 

Voltage Doubler Output 

Source Resistance 


— 

120 

200 

Q 

^osc 

Oscillator Frequency 


12 

— 

28 

KHz 

Vosc 

Oscillator Amplitude 

Measured at C1- 

RLOAD=10Ka 

4.5 

— 

— 

V 

uv 

Undervoltage Threshold 


8.5 

9 

9.5 

V 

^START 

Start Up Voltage 

^ ^DRIVE 

10.5 

11 

11.5 

V 

^DRIVE 

@V,,= 5V 

No Load 

14.7 

— 

— 

V 

Power Supply 

^DD 

Power Supply Current 

V,^ = LOW or HIGH 

— 

— 

2 

mA 


Supply Voltage 


3.8 

— 

6.2 

V 


6-113 




POWER CMOS DRIVERS WITH Vdd TRIPLER 


TC4626 

TC4627 


SWITCHING TIME TEST CIRCUITS 




* 100kHz SQUARE WAVE 
tr = tf< lOnS 

Figure 1. Inverting Driver Switching Time 




* 100kHz SQUARE WAVE 

tr = tf< lOnS 


Figure 2. Non-inverting Driver Switching Time 
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"^^N^TELEDYNE 

COMPONENTS 


TC04 

TC05 


LOW POWER, BAND-GAP VOLTAGE REFERENCES 


FEATURES 


■ Temperature Coefficient.50 ppm/°C 

■ Wide Operating Current Range 

TC04.15^A to 20 mA 

TC05.20 ^lA to 20 mA 

■ Dynamic Impedance.1Q 

■ Output Tolerance.2% 

■ Output Voltage Option 

TC04 .1.25V 

TC05.2.5V 


■ TO-92 Plastic or TO-52 Hermetic Packages 

■ 8-Pin Plastic Small Outline (SO) Package 

APPLICATIONS 


GENERAL DESCRIPTION 

The TC04 (1.25V output) and TC05 (2.5V output) bipo¬ 
lar, two-terminal, band-gap voltage references offer preci¬ 
sion performance without premium price. These devices 
do not require thin-film resistors, greatly lowering manufac¬ 
turing complexity and cost. 

A 50 ppm/°C output temperature coefficient and 15 pA 
to 20 mA operating current range make these devices 
attractive multimeter, data acquisition converter, and tele¬ 
communication voltage references. 


■ ADC and DAC Reference 

■ Current Source Generation 

■ Threshold Detectors 

■ Power Supplies 

■ Multimeters 


PIN CONFIGURATIONS 


TC04 

TC05 



TO-92 

PLASTIC PACKAGE 
(BOTTOM VIEW) 



TO-52 

HERMETIC PACKAGE 
(BOTTOM VIEW) 


NC 
NC 
NC 
-IN 

SURFACE MOUNT 
PLASTIC PACKAGE 



NC = NO INTERNAL CONNECTION 


1011-1 
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LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 


TC04 

TC05 


ORDERING INFORMATION 


Temperature Range 


Voltage 

Max 

Temperature 

Coefficient 

-55°Cto+125X 

TO-52 

Package 

0°C to +70°C 
TO-92 

Package 

0°C to +70X 
Surface Mount 
Package 

1.25V 

50 ppm/°C 

TC04AMRM 

TC04ACZM 

TC04ACOA 

1.25V 

100 ppm°C 

TC04BMRM 

TC04BCZM 

TC04BCOA 

2.5V 

50 ppm/°C 

TC05AMRM 

TC05ACZM 

TC04ACOA 

2.5V 

100 ppm/°C 

TC05BMRM 

TC05BCZM 

TC05BCOA 


ABSOLUTE MAXIMUM RATINGS 


Forward Current.+10 mA 

Reverse Current.+30 mA 

Storage Temperature Range. -65°C to +150°C 

Operating Temperature Range 

TO-92 Package.0°C to +70°C 

TO-52 Package.-55°C to +125°C 

COA Surface Mount Package.0°C to +70°C 


Lead Temperature (Soldering, 10 sec) 


TO-92 Package.+260°C 

TO-52 Package.+300°C 

COA Surface Mount Package.+260°C 

Power Dissipation.Limited by Forward/ 

Reverse Current 


Functional operation above the absolute maximum stress ratings is not 
implied. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C, unless otherwise specified. 


Symbol Parameter Test Conditions 

Min 

Typ 

Max 

Unit 

Vbr Reverse Breakdown Voltage Ir = 100 jiA 

TC04 

TC05 

1.24 

2.45 

1.26 

2.50 

1.28 

2.60 

V 

V 

DVbr Reverse Breakdown Voltage 

Change 

TC04 15 p-A < Ir < 20 mA 

_ 

10 

20 

mV 

20 jj-A < Ir < 1 mA 

— 

0.25 

1 

mV 

TC05 20 pA < Ir < 20 mA 

— 

10 

20 

mV 

25 p.A < Ir < 1 mA 

— 

0.25 

1 

mV 

TC Temperature Coefficient lR=100p.A 

TC04ATC05A 

TC04B/rC05B 

— 

0.003 

0.003 

0.005 

0.01 

%I°C 

%/°C 

Ir Reverse Current 

TC04 

0.015 

_ 

20 

mA 

TC05 

0.020 

— 

20 

mA 
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LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 


TC04 

TC05 


VOLTAGE REFERENCE CIRCUITS FOR SYSTEM DATA CONVERTERS 



ANALOG 

GROUND 


ANALOG 

GROUND 


‘ALSO SUITABLE FOR 
TC87CX)-TC8704 


RESPONSE TIME TEST CIRCUIT 



TYPICAL APPLICATIONS 


10V Reference Battery Powered 1.25V Reference Precision Current Source 







FORWARD VOLTAGE (V) VOLTAGE (V) REVERSE CURRENT (mA) 


LOW-POWER, BAND-GAP 
VOLTAGE REFERENCES 


TC04 

TC05 


TYPICAL CHARACTERISTICS CURVES 


TC04: Output Voltage vs TC04: Output Voltage Change TC04: Forward Voltage vs 

Reverse Current vs Reverse Current Forward Current 



OUTPUT VOLTAGE (V) REVERSE CURRENT (mA) FORWARD CURRENT (mA) 


TC04 TC05: Output Voltage vs TC05: Output Voltage Change 

Response Time Reverse Current vs Reverse Current 



0 200 400 600 0 0.5 1.0 1.5 2.0 2.5 3.0 0.01 0.1 1 10 100 

TIME (ms) OUTPUT VOLTAGE (V) REVERSE CURRENT (mA) 


TC05: Forward Voltage vs TC05 

Forward Current 10 Response Time 



0.01 0.1 1 10 100 0 200 400 600 

FORWARD CURRENT (mA) TIME (ms) 
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^^^TELEDYNE 

COMPONENTS 

TC900 


LOW POWER, CHOPPER-STABILIZED OPERATIONAL AMPLIFIER 


FEATURES 


■ Low Power Dissipation.2 mW 

■ Low Power Supply Current.140 

■ Low-Input Offset Voltage.5 |iV Max 

■ Low-Input Offset Voltage Drift.0.05 )iV/°C Max 

■ High-Impedance Differential CMOS Inputs... 10^^O 

■ High Open-Loop Voltage Gain.120 dB Min 

■ Low Input Noise Voltage.0.3 jiVp.p 

■ High Slew Rate.0.2 V/|as 

■ Unity-Gain Stable 

■ Available in 8-Pin DIP and SO 


GENERAL DESCRIPTION 

The TC900 is a low power, precision operational am¬ 
plifier. Its 200 pA maximum supply current reduces device 
power requirements over 15 times, compared to 7650 
devices. 

Offset voltage is a low 5 pV with drift at 0.05 pV/°C. Input 
offset voltage (Vos) errors are removed and adjustment 
potentiometers are not necessary. The chopper-stabilized 
error-correction technique keeps offset voltage errors near 
zero throughout the device's operating temperature range. 

The TC900 performance advantages are achieved 
without additional manufacturing complexity and costs in¬ 
curred with laser or "zener zap" Vos trim techniques. The 
TC900 is one of the lowest cost, low power, precision op¬ 
erational amplifiers available. 

The TC900 nulling scheme corrects both DC Vos errors 
and Vos drift errors with temperature. A nulling amplifier 
alternately corrects its own Vos errors and the main amplifier 
Vos errors. Offset-nulling voltages are stored on two user- 
supplied external capacitors. The capacitors connect to the 
internal amplifier Vos null points. The main amplifier input 
signal is never switched. The nulling scheme keeps Vos 


FUNCTIONAL DIAGRAM 



AMPLIFIER 


1099-1 
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LOW POWER, CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


TC900 


errors low throughout the operating temperature range. Laser 
and "zener zap" trimming can correct for Vos at only one 
temperature. 

The nulling-circuit oscillator and control circuits are 
integrated on-chip. Only two external Vos error storage 
capacitors are required. The TC900 operates as a 
conventional operational amplifier with vastly improved Input 
specifications. The low Vos and Vos drift errors make the 


TC900 ideal for thermocouple, thermistor, and strain gauge 
applications. Low DC errors and high open-loop gain make 
the TC900 an excellent preamplifier for precision analog-to- 
dlgital converters, such as the TC7135, TC850 and TC7109A. 

The 14-pln package has an external oscillator Input to 
drive the nulling circuitry. Both the 8-pin and 14-pln packages 
have an output voltage clamp circuit to minimize overload 
recovery time. 



ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

Maximum 

Vos 

Maximum 
Supply Current 

TC900ACPA 

8-Pin Plastic DIP 

0®C to +70®C 

5)aV 

200 ^A 

TC900ACOA 

8-Pin SO 

0°C to +70°C 

5nV 

200 nA 

TC900AIJA 

8-Pin CerDIP 

-25®C to +85^0 

5^V 

200 ^lA 

TC900ACPD 

14-Pin Plastic DIP 

0°C to +70°C 

5^V 

200 ^lA 

TC900A1JD 

14-Pin CerDIP 

-25°C to +85^C 

S^iV 

200 \iA 

TC900BCPA 

8-Pin Plastic DIP 

0°C to +70‘’C 

15 ^iV 

400 [lA 

TC900BCOA 

8-Pin SO 

0°C to -»-70°C 

15 ^iV 

400 ^lA 

TC900BIJA 

8-Pin CerDIP 

-25°C to +85®C 

15^V 

400 ^lA 

TC900BCPD 

14-Pin Plastic DIP 

0®C to +70°C 

15|liV 

400 ^lA 

TC900BIJD 

14-Pin CerDIP 

-25“C to +85°C 

15^V 

400 ^lA 
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LOW POWER, CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


TC900 


ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (Vs"^ to Vs").+18V 

Input Voltage.(Vs'^ +0.3V) to (Vs"-0.3V) 

Voltage on Oscillator Control Pins.Vs"^ to Vs" 

Output Short-Circuit Duration.Indefinite 

Current Into Any Pin.10 mA 

While Operating (Note 4).100 pA 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 


Operating Temperature Range 

C Device.0°C to +70°C 

I Device.-25°C to +85°C 

Package Power Dissipation (Ta = 25°C).500 mW 

Static-sensitive device. Unused devices must be stored in conductive 
material to protect them from possible static damage. Stresses above those 
listed under "Absolute Maximum Ratings" may cause permanent damage 
to the device. These are stress ratings only and functional operation of the 
device at these or any other conditions above those indicated in the 
operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


ELECTRtCAL CHARACTERrSTICS: Vs+ = +5V. Vs" = -5V, Ca = Cb = 0.1 nF, Ta = +25-0 


Symbol 

Parameter 

Test Conditions 

1 

Min 

■C900A 1 

Typ 1 Max Min 

rC900B 

Typl Max Unit 

Input 

Vos 

Input Offset Voltage 


— 

— 5 — 

— 15 pV 

TCVos 

Input Offset Voltage vs 

Operating Temperature 

— ' 

0.02 0.05 — 

0.1 0.3 pV/°C 


Temperature Coefficient 

Range (Note 1) 




Ibias 

Average Input Bias 

Ta = +25°C 


— 50 — 

— 80 pA 


Current (Note 5) 

0°C ^ Ta ^ +70°C 

— 

— 70 — 

— 100 pA 



-25°C ^ Ta ^ -f-85°C 

— 

— 100 — 

— 140 pA 

los 

Input Offset Current 

Ta = +25^C 

— 

0.5 — — 

0.5 — pA 

©N 

Input Noise Voltage 

Rs = 100a 0.1 Hz to 10 Hz 

— 

4 _ _ 

4 — M-Vp.p 



Rs = 100Q, 0.1 to 1 Hz 

— 

0.3 — — 

0.3 — pVp.p 

Rin 

Input Resistance 


— 

1012 _ _ 

1012 _ Q 

CMVR 

Common-Mode Voltage Range 


Vs" 

I 

A. 

' 

I 

U) 

A 

< 

CMRR 

Common-Mode Rejection Ratio 

CMVR = -5Vto -I-2V 

110 

130 I — 100 

- ] - I dB 


Av 

Large-Signal Voltage Gain 

Rl= 10 kn 

120 

130 

— 

100 

— 

— 

dB 

VoUT 

Output Voltage Swing 

RL=10ka 

-4.7 

— 

+3.5 

-4.7 

— 

+3.5 

V 


(Note 3) 

Rl= 100 kO 

-4.9 


+3.9 

-4.9 

— 

+3.9 

V 


Clamp ON Current (Note 2) 

Rl= 100 kO 

20 

90 

200 

20 

90 

200 

pA 


Clamp OFF Current (Note 2) 

-4V < VouT < 4V 

— 

1 


— 

1 

— 

pA 

Dynamic 

BW 

Unity-Gain Bandwidth 

Unity Gain (-i-l) 

— 

0.7 

— 

— 

0.7 

— 

MHz 

SR 

Slew Rate 

C = 50 pF, Rl= 100 kQ 

— 

0.2 

— 

— 

0.2 

— 

V/ps 

Rise Time 

— 

0.5 

— 

— 

0.5 

— 

ps 

Overshoot 

— 

18 

— 

— 

18 

— 

% 

fcH 

Internal Chopping Frequency 

Pins 12-14 Open (14-Pin DIP) 

— 

150 

— 

— 

150 


Hz 


Vs^ to Vs 

Operating Supply Range 


4.5 

— 16 

4.5 — 

16 

V 

Is 

Supply Current 

No Load 

— 

140 200 

— — 

400 

pA 

PSRR 

Power Supply Rejection Ratio 

Vs = i:3V to ±8V 

120 

— — 

100 — 

— 1 dB 


Operating temperature range is -25°C to +85°C for "I" grade and 0°C to +70°C for "C" grade. 
See "Output Clamp" discussion. 

Output clamp not connected. 

Limiting input current to 100 pA is recommended to avoid iatch-up problems. 

Average current caused by switch charge transfer at input. 
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LOW POWER, CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


TC900 


Chopper-Stabilized Operational Amplifiers Clock Operation 


The TC900 is the first commercially-available, low- 
power, chopper-stabilized ampjifer. Its maximum supply 
current is 15 times lower than the pin-compatible TC7650. 
Figure 1 shows how low supply current Is achieved without 
sacrificing offset voltage or offset voltage drift performance. 

Nulling-Capacitor Connection 

The offset voltage correction capacitors are connected 
to Ca and Cb- The common capacitor connection is made to 
Vs" (pin 4) on the 8-pin device and to capacitor return (Cret, 
pin 8) on the 14-pin device. The common connection should 
be made through a separate PC trace or wire to avoid 
voltage drops. Internally, Vs" is connected to Cret- (See 
Figure 2.) 


The internal oscillator is set for a 150 Hz nominal 
chopping frequency. With the 14-pln device, the 150 Hz 
Internal chopping frequency is available at the INTERNAL 
CLOCK OUTPUT (pin 12). A 300 Hz nominal signal will be 
pre sent a t the EXTERNAL CLOCK INPUT pin (pin 13) with 
INT/EXT high or open. This is the internal clock signal 
before a divIde-by-two operation. 

The 14-pin device can be driven by an external clock. 
The INT/EXT Input (pin 14) has an internal pull-up and may 
be left open for int ernal clock operation. If an external clock 
is used, INT/EXT must be tied to Vs" (pin 7) to disable the 
internal clock. The external clock signal is applied to the 
external clock input. 
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LOW POWER, CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


TC900 



The external clock amplitude should swing between Vs"^ 
and ground for power supplies up to ±6V, and between Vs'^ 
and Vs"^ -6V for higher supply voltages. 

At low frequencies, the external-clock duty cycle is not 
critical, since an internal divide-by-two gives the desired 
50% switching duty cycle. The offset storage correction 
capacitors are charged only when the external clock input is 
high. A 50% to 80% external-clock positive duty cycle is 
desired for frequencies above 500 Hz to guarantee tran¬ 
sients settle before the Internal switches open. 

The external clock input can also be used as a strobe 
input. If a strobe signal is connected at the external clock 
input, so that it is low during the time an overload signal is 
applied, neither capacitor will be charged. Leakage currents 


Output Clamp 

Chopper-stabilized systems can show long overload 
recovery times. If the output is driven to either supply rail, 
output saturation occurs; the inputs are no longer held at a 
"virtual ground." The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the 
external capacitors. The nulling circuit also saturates. Once 
the input signal returns to normal, the response time is 
lengthened by the long recovery time of the nulling amplifier 
and external capacitors. 

Through an external clamp connection, the TC900 
eliminates the overload recovery problem by reducing the 
feedback network gain before the output voltage reaches 
either supply rail. 

The output clamp circuit is shown in Figure 3, with typical 
inverting and noninverting circuit connections shown in 
Figures 4 and 5. Output voltage versus clamp circuit current 


O INTERNAL POSITIVE 
CLAMP BIAS 

-P-CHANNEL 


_O OUTPUT 

CLAMP PIN 

-1— N-CHANNEL 

INTERNAL NEGATIVE 
6 CLAMP BIAS 

_ TSC900 
O OUTPUT PIN 


Figure 3. Internal Clamp Circuit 




0.1 pF 

0.1 pF 




Hh 




k4c 






R 




TC90q^ 

c 



^ —f- ► OUTPUT 



'^LAMP 

_ A A 

< R2 

R3 + (R1/R2) ^ 100 kn 

FOR FULL CLAMP EFFECT 

^ v 

R 3 

SRi 

CONNECT CAPACITORS TO 



Vs WITH 8-PIN PACKAGE 




Figure 4. Noninverting Amplifier With Optional Clamp 


R2 



CONNECT CAPACITORS TO 
Vs WITH 8-PIN PACKAGE 


Figure 5. Inverting Amplifier With Optional Clamp 

characteristics are shown in the typical operating curves. 
For the clamp to be fully effective, the impedance across the 
clamp output should be >100 kQ.. 
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Static Protection 

All device pins are static-protected. However, strong 
static fields and discharges should be avoided, as they can 
degrade diode junction characteristics and increase Input- 
leakage currents. 

Many companies are actively involved in providing 
services, educational materials, and supplies to aid elec¬ 
tronic manufacturers in establishing "static safe" work areas 
where CMOS components are handled. Two such compa¬ 
nies are: 

• 3M 

Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

Input Bias Current 

The TC900 inputs are never disconnected from the 
main internal amplifier. The null amplifier samples the input 
offset voltage and corrects DC errors and drift by storing 
compensating voltages on external capacitors. However, 
the sampling causes charge transfer at the inputs. The 
charge transfer represents a peak impulse current of 
200 nA to 290 nA at the inputs when the internal clock 
makes a transition. 

Latch-Up Avoidance 

Junction-isolated CMOS circuits Inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteris¬ 
tics similar to an SCR. Under certain circumstances, this 
junction may be triggered into a low-impedance state, re¬ 
sulting in excessive supply current. To avoid this condition, 
voltages greater than 0.3V beyond the supply rails should 
not be applied to any pin. In general, the amplifier supplies 
must be established at the same time (or before) any input 
signals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 0.1 mA to avoid latch- 
up. 

Thermoelectric Potentials 

Precision DC measurements are ultimately limited by 
thermoelectric potentials developed in thermocouple junc¬ 
tions of dissimilar metals, alloys, silicon, etc. Unless all 


junctions are at the same temperature, thermoelectric volt¬ 
ages, typically around 0.1 pV/°C, but up to tens of pV/^C for 
some materials, will be generated. In order to realize the 
benefits extremely low offset voltages provide, it is essential 
to take special precautions to avoid temperature gradients. 
All components should be enclosed to eliminate air move¬ 
ments, especially those caused by power-dissipating ele¬ 
ments in the system. Low thermoelectric-coefficient con¬ 
nections should be used where possible, and power supply 
voltages and power dissipation should be kept to a mini¬ 
mum. High-impedance loads are preferable, and separation 
from surrounding heat-dissipating elements is advised. 

Pin Compatibility 

On the 8-pin TC900, the external null storage capacitors 
are connected to pins 1 and 8. On most other operational 
amplifiers these are left open, or are used for offset poten¬ 
tiometer or compensation capacitor connections. 

ForOPOS and OP07 operational amplifiers, the replace¬ 
ment of the offset null potentiometer between pins 1 and 8 
by two capacitors from the pins to Vs“ will convert the OP05/ 
07 pin configuration for T C900 operation. For LM108 devices, 
the compensation capacitor is replaced by the external 
nulling capacitors. The LM101/748/709 pinouts are modified 
similarly by removing any circuit connections to pin 5. On the 
TC900, pin 5 is the output clamp connection. Other opera¬ 
tional amplifiers may use this pin as an offset or compensation 
point. 

The minor modifications needed to retrofit a TC900 to 
existing sockets operating at reduced power supply volt¬ 
ages make prototyping and circuit verification straightfor¬ 
ward. 

Component Selection 

The two required capacitors, Ca and Cq, have optimum 
values, depending on the clock or chopping frequency. For 
the present internal clock, the correct value is 0.1 \xf. To 
maintain the same relationship between the chopping fre¬ 
quency and the nulling time constant, the capacitor values 
should be scaled In proportion to the external clock, if used. 
High-quality, film-type capacitors (such as Mylar) are pre¬ 
ferred. Ceramic or other lower-grade capacitors may be 
suitable in some applications. For fast settling on initial turn¬ 
on, low dielectric absorption capacitors (such as polypro¬ 
pylene) should be used. With ceramic capacitors, several 
seconds may be required to settle to microvolt levels. 
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TYPICAL CHARACTERISTICS CURVES 


Input Voltage Noise vs 
External Clock Frequency 



FREQUENCY (Hz) 


Positive Clamp Current 



POSITIVE OUTPUT VOLTAGE (V) 
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(0 
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o 
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o 


Output Voltage Swing 



100 Ik 10k 100k 1M 

LOAD RESISTANCE (Q) 


Negative Clamp Current 



-3.8 -4.0 -4.2 -4.4 -4.6 -4.8 -5.0 

NEGATIVE OUTPUT VOLTAGE (V) 


Input Common-Mode Voltage Range 



01 2345678 

SUPPLY VOLTAGE (V) 
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TYPICAL CHARACTERISTICS CURVES (Cont.) 



Supply Current vs Supply Voltage 



0 2 4 6 8 10 12 14 16 18 

V* TO V" SUPPLY VOLTAGE (V) 


Offset Voltage vs 
Common-Mode Voltage 



COMMON-MODE VOLTAGE (V) 


Gain and Phase vs Frequency 



8-8 


PHASE (deg) 














TC901 


^^^TELEDYNE 

COMPONENTS 


MONOLITHIC, AUTO-ZEROED OPERATIONAL AMPLIFIER 


FEATURES 

■ Second-Generation Monolithic, Chopper-Stabilized 
Op-Amp 

■ No External Capacitors Required 


■ Single-Supply Operation.±15V or 5V to 32V 

■ Supply Current.450 pA at 15V, Typ 

■ Input Offset Voltage.7|i,V, Typ 

■ Common-Mode Rejection Ratio.140 dB, Typ 


■ Open-Loop Gain.140 dB Into 10k Load, Typ 

■ Output Noise.5 ^V at 10 Hz Bandwidth 

■ Pinout Compatible With ICL7650 

■ Lowest Parts Count Chopper Op-Amp 


GENERAL DESCRIPTION 

The TC901 is a monolithic, auto-zeroed operational 
amplifier. It is a second-generation design of the TC91X 
series, the world's first monolithic, CMOS chopper-stabi¬ 
lized op-amps with on-chip capacitors. This second-genera¬ 
tion design allows use of higher supply voltages (±15V or 
single supply 30V), while decreasing noise. 

Elimination of the external capacitors allows the de¬ 
signer to increase reliability, lower cost, and simplify design 
by lowering parts count. Substantial space savings can be 
realized on PC board layouts. Other chopper-stabilized op- 
amps (such as the ICL7650/7652 and LTC1052) require 
external capacitors; therefore, these advantages are lost. 

Since the TC901 is an auto-zeroing op-amp, input offset 
voltage is very low. More important, there is almost zero drift 
with time. This eliminates production line adjustments, as 
well as periodic calibration. 

This device is supplied in 8-pin minl-dual-in-line and 
plastic SO (small outline) packages. It is pin compatible 
with bipolar, CMOS, JFET and chopper-stabilized op-amps 
using the industry-standard 741 pinout. 


FUNCTIONAL DIAGRAM 


Vi vj 



NOTES: 1. ’‘Internal capacitors; external capacitors not required. 
2. Pin numbers are for 8-pin DIP. 
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Notable electrical characteristics are low supply current 
(450 pA, typical), single-supply operation (5V to 32V), low 
input offset voltage (7 pV, typical), low noise (<5 pVp.p, 
typical, for a 10 Hz bandwidth), and fast recovery from 
saturation without the use of external clamp circuitry. 

Pin Compatibility 

The CMOS TC901 is pin compatible with other chopper- 
stabilized amplifiers, such as the 7650, 7652 and 1052. 
Amplifiers such as the 7650 require 0.1 pF external capaci¬ 
tors connected to pins 1 and 8. The TC901 includes the 
chopper capacitors on-chip, so external capacitors are not 
required. Since pins 1, 5 and 8 of the TC901 are not 
connected, the TC901 can directly replace other chopper- 
stabilized amplifiers in existing circuits. 

The TC901 pinout also matches many popular bipolar 
and JFET op-amps, such as the OP-07, OP20, LM101, 
LM108,356 and 741.1 n many applications that operate from 
±15V power supplies, the TC901 offers superior electrical 
performance and is a functional pin-compatible replace¬ 
ment. Offset voltage correction potentiometers, compensa¬ 
tion capacitors, and chopper-stabilization capacitors can be 
removed when retrofitting existing equipment designs. 
System parts count, assembly time, and system cost are 
reduced, while reliability and performance are improved. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

TC901COA 

8 -Pin SO 

0 °C to +70°C 

TC901CPA 

8 -Pin Plastic DIP 

0 °C to +70^C 

TC901IJA 

8 -Pin CerDIP 

-25“C to +85°C 

TC901MJA 

8 -Pln CerDIP 

-55°Cto+125^C 


PIN CONFIGURATION (DIP and SO) 


nc[T 

TC901 

8]nC 

-^NPUT[2 

,_P> - 1 

IlVs 

+INPUt[3 

L 

T]OUTPUT 

Vi [4 


z 

o 

NC = NO INTERNAL CONNECTION 


ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (Vs"^ to Vs~).+36V 

Input Voltage.(Vs'^+O.SV) to (Vs“-0.3V) 

Current Into Any Pin.10 mA 

While Operating.100 pA 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 

Operating Temperature Range 

C Device.0°Cto +70°C 

I Device. -25°C to +85°C 

M Device.-55X to +125°C 

Package Power Dissipation (Ta = +25°C) 

CerDIP.500 mW 

Plastic DIP.375 mW 


Static-sensitive device. Appropriate precautions should be taken when 
handling, shipping, or storing these devices. Stresses above those 
listed under "Absolute Maximum Ratings" may cause permanent 
damage to the devices. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
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ELECTRICAL CHARACTERISTICS: Vs ±15V, Ta = +25°C, unless otherwise indicated (each amplifier). 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 
(Figure 2) 

Ta = +25°C 


7 

15 

^v 

VosATC 

Average Temperature 

Coefficient of Input 

Offset Voltage 

0‘’C^Ta^+70°C 


0.05 

0.15 

^v/°c 

Ibias 

Average Input Bias 

Ta = +25'’C 

— 

30 

50 

pA 


Current 

O^C^Ta^+TOX 

-25°C^TA^-r-85‘’C 

_ 

0.2 

0.2 

10 

10 

nA 

nA 

I os 

Average Input Offset Current 

Ta = +25°C 

— 

50 

100 

pA 

©N 

Input Voltage Noise 
(Figure 1B) 

0.1 tol Hz, Rs^lOOO 

— 

1.2 

— 

M-Vp-p 

©N 

Input Voltage Noise 
(Figure 1A) 

0.1 to 10 Hz, Rs ^ 100Q 

— 

5 

— 

pVp.p 

CMRR 

Common-Mode Rejection 

Ratio 

Vs-^Vcm^Vs^-2V 

120 

140 

— 

dB 

CMVR 

Common-Mode Voltage 

Range 

Vs = ±5Vto±15V 

Vs- 


Vs^ -2 

V 

Aol 

Open-Loop Voltage Gain 

RL=10kO, Vs = ±15V 

120 

140 

— 

dB 

VoUT 

Output Voltage Swing 

Rl= 10 kQ 

Vs-+1 

— 

Vs*-1.2 

V 

BW 

Closed-Loop Bandwidth 
(Figure 7) 

Closed-Loop Gain = -»-1 

— 

0.8 

— 

MHz 

sr 

Slew Rate 

Rl= 10 kQ, Cl = 50pF 

— 

2 

— 

V/^is 

PSRR 

Power Supply Rejection Ratio 

Vs = ±5Vto±15V 

120 

140 

— 

dB 

Vs 

Operating Supply Voltage 

Range 

Note 1 

±3 

— 

±16 

V 

Is 

Quiescent Supply (Figure 2) 

Vs = ±15V 

— 

0.45 

0.6 

mA 


NOTE: 1. Single supply operation: Vs"^ = +5V to +32V. 
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Figure 1 Input Voltage Noise 


Figure 3 Recovery From Negative Saturation 
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Figure 2 Vos and Idd vs Supply Voltage 


15V 

OUTPUT 

5V/DIV 

OV 

OV 

INPUT 

2V/DIV 

-2V 





n 











■ 

k 










\ 



■ 



■ 





■ 

■ 

■ 



■ 





■ 

■ 

■ 



■ 


■ 

■ 




■ 










_ 




20 ms/DIV 



Figure 4 Recovery From Positive Saturation 


Overload Recovery 

The TC901 recovers quickly from output saturation. 
Typical recovery time from positive output saturation is 20 
ms. Negative output saturation recovery time is typically 
5 ms. 


R2 



Figure 5 Saturation Test Circuit 
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Thermocouple Errors 


Avoiding Latch-Up 


Heating one joint of a loop made from two different 
metallic wires causes current flow. This is known as the 
Seebeck effect. By breaking the loop, an open-circuit volt¬ 
age (Seebeck voltage) can be measured. Junction tempera¬ 
ture and metal type determine the magnitude. Typical val¬ 
ues are 0.1 |liV/°C to 10 pV/^C. Thermal-induced voltages 
can be many times larger than the TC90Ts offset voltage 
drift. Unless unwanted thermocouple potentials can be 
controlled, system performance will be less than optimum. 

Unwanted thermocouple junctions are created when 
leads are soldered or sockets/connectors are used. Low 
thermoelectric coefficient solder can reduce errors. A 60% 
Cd/40% Sn Pb solder has one-tenth the thermal voltage of 
common 64% Sn/36% Pb solder at a copper junction. 

The number and type of dissimilar metallic junctions in 
the input circuit loop should be balanced. If the junctions are 
kept at the same temperature, their summation will add to 
zero-canceling errors (Figure 6). 

Shielding precision analog circuits from air currents — 
especially those caused by power dissipating components 
and fans — will minimize temperature gradients and mini¬ 
mize thermocouple-induced errors. 



Figure 6 Unwanted Thermocouple Errors Eliminated by Reducing 
Thermal Gradients and Balancing Junctions 


Junction-isolated CMOS circuits inherently contain a 
parasitic p-n-p-n transistor circuit. Voltages exceeding the 
supplies by 0.3V should not be applied to the device pins. 
Larger voltages can turn the p-n-p-n device on, causing 
excessive device power supply current and excessive power 
dissipation. TC901 's power supply should be established at 
the same time (or before) input signals are applied. If this is 
not possible, input current should be limited to 100 pA to 
avoid triggering the p-n-p-n structure. 

Static Protection 

Input pins are protected against electrostatic fields. 
Static handling procedures should be used with all CMOS 
devices. Many companies provide services, educational 
material, and supplies to aid electronic equipment manufac¬ 
turers establish "static safe" CMOS component handling 
areas. Two such companies are; 

• 3M 

Static Control Systems Division 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201) 561-9520 
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COMPONENTS 

TC911 


AUTO-ZEROED MONOLITHIC OPERATIONAL AMPLIFIER 


FEATURES 

■ First Monolithic Chopper-Stabilized Amplifier 
With On-Chip Nulling Capacitors 


■ Offset Voltage.5 |iV 

■ Offset Voltage Drift.0.05 ^V/°C 

■ Low Supply Current.350 )aA 

■ High Common-Mode Rejection.116 dB 

■ Single Supply Operation.4.5V to 16V 

■ High Slew Rate.2.5 V/|is 


■ Wide Bandwidth.1.5 MHz 

■ High Open-Loop Voltage Gain 

(RL = 10kQ).120 dB 

■ Low Input Voltage Noise 

(0.1 Hztol Hz).0.65iiVp.p 

■ Pin Compatible With ICL7650 

■ Lower System Parts Count 



FUNCTIONAL DIAGRAM 



1101-1 
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GENERAL DESCRIPTION 

The TC911 CMOS auto-zeroed operational amplifier is 
the first complete monolithic chopper-stabilized amplifier. 
Chopper operational amplifiers like the ICL7650/7652 and 
LTC1052 require user-supplied, external offset compensa¬ 
tion storage capacitors. External capacitors are not re¬ 
quired with the TC911. Just as easy to use as the con¬ 
ventional 741 type amplifier, the TC911 significantly re¬ 
duces offset voltage errors. Pinout matches the OP07/741/ 
7650 8-pin mini-DIP configuration. 

Several system benefits arise by eliminating the exter¬ 
nal chopper capacitors: lower system parts count; reduced 
assembly time and cost; greater system reliability; reduced 
PC board layout effort and greater board area utilization. 
Also, space savings can be significant In multiple-amplifier 
designs. 

Electrical specifications include 15 pV maximum offset 
voltage, 0.15 pV/°C maximum offset voltage temperature 
coefficient. Offset voltage error is five times lower than the 
premium OP07E bipolar device. The TC911 improves off¬ 
set drift performance by eight times. 

Low offset voltage errors eliminate trim procedures 
during manufacturing, periodic recalibrations, and reliabil¬ 
ity problems caused by damaged or misadjusted trim po¬ 
tentiometers. 

The TC911 automatically corrects offset voltage drift 
with time. Operational amplifier long-term drift is less easily 
controlled and more expensive to maintain when low offset 
errors are obtained by trimming thin-film resistors. The 
TC9111nternal circuits correct errors repetitively at a 200 Hz 
rate. Long-term drift Is effectively eliminated. 

The TC911 operates from dual or single power sup¬ 
plies. Supply current is typically 350 pA. Single 4.5V to 16V 
supply operation is possible, making single 9V battery 
operation possible. The TC7660 DC-to-DC converter can 
easily supply a negative potential in dual-supply applica¬ 
tions where only a +5V system supply is available. 

Open-loop voltage gain is 115 dB minimum with a 10 kfi 
load. Unity gain bandwidth Is 1.5 MHz. Slew rate is 2.5 V/ps. 
Common-mode rejection ratio is 116 dB. Input common¬ 
mode range extends from 2V below the positive supply to 
the negative supply. 

The TC911 is available in three package types: 8-pin 
plastic DIP, ceramic DIP and SO package. Die are available 
for hybrid applications. 

For precision dual- and quad-monolithic chopper- 
stabilized amplifiers, seethe TC913 (dual) and TC914 (quad) 
data sheets. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

Maximum 

Offset 

Voltage 

TC911ACPA 

8-Pin 

Plastic DIP 

0®C to +70®C 

15 ^iV 

TC911ACOA 

8-Pin SO 

0®C to +70°C 

15 ^iV 

TC911BCPA 

8-Pin 

Plastic DIP 

0°C to +70°C 

30 ^iV 

TC911BCOA 

8-Pin SO 

0®C to -i-70‘’C 

30 |iV 

TC911AIJA 

8-Pin 

CerDIP 

-25°C to +85°C 

15 ^tV 

TC911BIJA 

8-Pin 

CerDIP 

-25°C to -h85°C 

30 ^iV 

PIN CONFIGURATION (SO and DIP) 

i - 1 



-INPUT [2 
+INPUT [3 

vid 


TC911 


II vj 

J] OUTPUT 


NC = NO INTERNAL CONNECTION 


BONDING DIAGRAM 



— 64 mils — 


NOTES: 1 . Back of die is common to Vcc- 
2. Back of die is not metalized. 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (Vs to Vs ).+18V 

Input Voltage.(Vs+0.3V) to (Vs-0.3V) 

Current into Any Pin.10 mA 

While Operating.100 pA 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).-fSOO^C 

Operating Temperature Range 

C Device.0°C to -i-70°C 

I Device.-25°C to +85°C 


Package Power Dissipation (Ta = +25°C) 


CerDIP.500 mW 

Plastic DIP and SO.375 mW 


Static-sensitive device. Unused devices should be stored in conductive 
material. Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. 


ELECTRICAL CHARACTERISTICS: Vs =±5V, Ta = +25°C, unless otherwise indicated. 





1 TC911A 


TC911B j 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Vos 

Input Offset Voltage 

Ta = +25°C 

— 

5 

15 


15 

30 

|iV 

TCVos 

Average Temperature 

0°C < Ta < +70°C 

— 

0.05 

0.15 

— 

0.1 

0.25 

pV/°C 


Coefficient of Input 

-25^C < Ta < +85°C 

— 

0.05 

0.15 

— 

0.1 

0.25 

pV/°C 


Offset Voltage 









Ib 

Average Input Bias 

Ta = +25°C 

— 

— 

70 

— 

— 

120 

pA 


Current 

0°C < Ta < +70°C 

_ 

— 

3 

— 

— 

4 

nA 



-25°C < Ta < +85°C 

— 

— 

4 

— 

— 

6 

nA 

bs 

Average Input 


— 

5 

20 


10 

40 

pA 


Offset Current 









©N 

Input Voltage Noise 

0.1 to 1 Hz, Rs < icon 


0.65 

— 

— 

0.65 

— 

M-Vp.p 



0.1 to 10 Hz, Rs < lOOa 


11 

— 

— 

11 

— 

pVp.p 

CMRR 

Common-Mode 

Vg<VcMSV|-2.2 

110 

116 

— 

105 

110 

— 

dB 


Rejection Ratio 









CMVR 

Common-Mode 


Vg 

— 

V^-2 

Vg 

— 

V^-2 

__ 


Voltage Range 









Aol 

Open-Loop Voltage 

Rl= 10 kO, Vo = ±4V 

115 

120 

— 

110 

120 

— 

dB 


Gain 









VouT 

Output Voltage Swing 

Rl= 10 kn 

Vg +0.3 

— 

V| -0.9 

Vg+0.3 

— 

< 

U)+ 

1 

o 

CD 

V 

BW 

Closed Loop 

Closed Loop Gain = -»-1 

— 

1.5 

— 

_ 

1.5 

— 

MHz 


Bandwidth 









SR 

Slew Rate 

Rl= 10 kQ, Cl = 50pF 

— 

2.5 

— 

— 

2.5 

— 

V/^is 

PSRR 

Power Supply 

±3.3V to ±5.5V 

112 

— 

— 

105 

— 

— 

dB 


Rejection Ratio 









Vs 

Operating Supply 

Split Supply 

±3 

— 

±8 

±3 

— 

±8 

V 


Voltage Range 

Single Supply 

4.5 

_ 

16 

4.5 

— 

16 

V 

Is 

Quiescent Supply 

Vs = ±5V 

1 

350 

600 

_ 

— 

800 

pA 


Current 
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TYPICAL CHARACTERISTICS CURVES 


Supply Current vs ± Supply Voltage 
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Supply Current vs Temperature 
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HORIZONTAL SCALE = 2 ps/DIV 


Input Offset Voltage vs 
Common-Mode Voltage 
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AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 

_ TC911 

Pin Compatibility (Seebeck voltage) can be measured. Junction temperature 


The CMOS TC911 is pin compatible with the GE/Intersil 
ICL7650 chopper-stabilized amplifier. The ICL7650 must 
use external 0.1 pF capacitors connected at pins 1 and 8. 
With the TC911, external offset voltage error canceling 
capacitors are not required. On the TCS911 pins 1,8 and 
5 are not connected internally. The ICL7650 uses pin 5 as an 
optional output clamp connection. External chopper ca¬ 
pacitors and clamp connections are not necessary with 
the TC911. External circuits connected to pins 1,8 and 5 will 
have no effect. The TC911 can be quickly evaluated in 
existing ICL7650 designs. Since external capacitors are not 
required, system part count, assembly time, and total sys¬ 
tem cost are reduced. Reliability is increased and PC board 
layout eased by having the error storage capacitors inte¬ 
grated on the TC911 chip. 

The TC911 pinout matches many existing op-amps: 
741, LM101, LM108, OP05-OP08, OP20, OP21, ICL7650 
and ICL7652. In many applications operating from +5V 
supplies the TC911 offers superior electrical performance 
and can be a functional pin-compatible replacement. Offset 
voltage correction potentiometers, compensation capaci¬ 
tors, and chopper-stabilization capacitors can be removed 
when retrofitting existing equipment designs. 

Thermocouple Errors 

Heating one joint of a loop made from two different 
metallic wires causes current flow. This is known as the 
Seebeck effect. By breaking the loop, an open circuit voltage 



Figure 1. Unwanted Thermocouple Errors Eliminated by 

Reducing Thermal Gradients and Balancing Junctions 


and metal type determine the magnitude. Typical values are 
0.1 )LiV/°C to 10 |iV/°C. Thermal-induced voltages can be 
many times largerthan the TC911 offset voltage drift. Unless 
unwanted thermocouple potentials can be controlled, sys¬ 
tem performance will be less than optimum. 

Unwanted thermocouple junctions are created when 
leads are soldered or sockets/connectors are used. Low 
thermo-electric coefficient solder can reduce errors. A 60% 
Sn/36% Pb solder has 1/10 the thermal voltage of common 
64% Sn/36% Pb solder at a copper junction. 

The number and type of dissimilar metallic junctions in 
the input circuit loop should be balanced. If the junctions are 
kept at the same temperature, their summation will add to 
zero-canceling errors (Figure 1). 

Shielding precision analog circuits from air currents — 
especially those caused by power dissipating components 
and fans — will minimize temperature gradients and ther¬ 
mocouple-induced errors. 

Avoiding Latch-Up 

Junction-isolated CMOS circuits inherently contain a 
parasitic p-n-p-n transistor circuit. Voltages exceeding the 
supplies by 0.3V should not be applied to the device pins. 
Larger voltages can turn the p-n-p-n device on, causing 
excessive device power supply current and excessive power 
dissipation. TC911 power supplies should be established at 
the same time or before input signals are applied. If this is not 
possible input current should be limited to 0.1 mA to avoid 
triggering the p-n-p-n structure. 

Static Protection 

Input pins are protected against electrostatic fields. 
Static handling procedures should be used with all CMOS 
devices. Many companies provide services, educational 
material, and supplies to aid electronic equipment manufac¬ 
turers to establish “static safe” CMOS component handling 
areas. A partial company list is: 

• 3M • Semtronics 

Static Control Systems Div P.O. Box 592 
223-23W EM Center Martinsville, NJ 08836 

St Paul, MN 55101 (201) 561-9520 

(800) 792-1072 

Overload Recovery 

The TC911 recovers quickly from the output saturation. 
Typical recovery time from positive output saturation is 
20 ms. Negative output saturation recovery time Is typically 
5 ms. 
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AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 


TC911 _ 

TYPICAL APPLICATIONS 


10-Volt Precision Reference Thermometer Circuit 


+9V 



R2 

K=1 + -- 

R3 II Ri 



Programmable Gain Amplifier With Input Multiplexer 


+5V -5V GND +5V -5V 
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^^^^TELEDYNE 

COMPONENTS 

TC913 


DUAL AUTO-ZEROED OPERATIONAL AMPLIFIER 


FEATURES 

■ First Monolithic Dual Auto-Zeroed Operational 
Amplifier 

■ Chopper Amplifier Performance Without External 


Capacitors 

— Vos .15 Max 

— Vos Drift.0.15 ^VrC Max 

— Saves Cost/Assembly of Four "Chopper" 
Capacitors 

■ SO Packages Available 

■ High DC Gain.120dB 

■ Low Supply Current.650 |iA 


Low Input Voltage Noise 

(0.1 Hz to 10 Hz).0.65^Vp.p 

Wide Common-Mode 

Voltage Range.Vs“ to Vs"*" -2V 

High Common-Mode Rejection.116 dB 

Dual or Single Supply Operation.±3V to ±8V 

+4.5V to +16V 

Excellent AC Operating Characteristics 

— Slew Rate.2.5 V/fis 

— Unity-Gain Bandwidth.1.5 MHz 


Pin Compatible With LM358, OP14, MCI 458, 
ICL7621,TL082, TLC322 



FUNCTIONAL DIAGRAM 



1102-1 
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DUAL AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


TC913 


GENERAL DESCRIPTION 

The TC913 is the world's first complete monolithic, 
dual auto-zeroed operational amplifier. The TC913 sets a 
new standard for low-power, precision dual-operational 
amplifiers. Chopper-stabilized or auto-zeroed amplifiers offer 
low offset voltage errors by periodically sampling offset 
error, and storing correction voltages on capacitors. Previ¬ 
ous single amplifier designs required two user-supplied, 
external 0.1 pF error storage correction capacitors — much 
too large for on-chip integration. The unique TC913 archi¬ 
tecture requires smaller capacitors, making on-chip inte¬ 
gration possible. Microvolt offset levels are achieved and 
external capacitors are not required. 

The TC913 system benefits are apparent when con¬ 
trasted with a TC7650 chopper amplifier circuit implemen¬ 
tation. A single TC913 replaces two TC7650's and four 
capacitors. Five components and assembly steps are 
eliminated. 

The TC913 pinout matches many popular dual- 
operational amplifiers: OP04, TLC322, LM358, and ICL7621 
are typical examples. In many applications, operating from 
dual 5V power supplies or single supplies, the TC913 
offers superior electricat performance, and can be a 
functional drop-in replacement; printed circuit board rework 
is not necessary. The TC913's low offset voltage error 
eliminates offset voltage trim potentiometers often needed 
with bipolar and low-accuracy CMOS operational amplifiers. 

The TC913 takes full advantage of Teledyne's propri¬ 
etary CMOS technology. The TC913's 650 pA supply cur¬ 
rent (250 pA per amplifier) makes the TC913 the lowest 
power, precision dual-operational amplifier available. The 
250 pA amplifier supply current does not compromise AC 
performance. Unity gain bandwidth is 1.5 MHz and slew 
rate is 2.5 V/ps. 

For single- and quad-operational amplifiers, see the 
TC911 and TC914data sheets. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

Maximum 

Offset 

Voltage 

TC913ACPA 

8-Pin 

Plastic DIP 

O^C to +70°C 

15 pV 

TC913ACOA 

8-Pin SO 

0°C to +70°C 

15 pV 

TC913BCPA 

8-Pin 

Plastic DIP 

0®C to +70°C 

30 pV 

TC913BCOA 

8-Pin SO 

O^C to +70°C 

30 pV 

TC913AIJA 

8-Pin 

CerDIP 

-25°C to +85°C 

15 pV 

TC913BIJA 

8-Pin 

CerDIP 

-25°Cto +Q5°C 

30 pV 


PIN CONFIGURATION (SO and DIP) 
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DUAL AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


TC913 


ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (Vs to Vs ).+18V 

Input Voltage.(Vs+0.3V) to (Vs-0.3V) 

Current into Any Pin.10 mA 

While Operating.100 pA 

Storage Temperature Range.-65'^C to +150''C 

Lead Temperature (Soldering, 10 sec). +300°C 

Operating Temperature Range 

C Device.0°C to +70°C 

I Device.-25°C to +85°C 


Package Power Dissipation (Ta = +25°C) 


CerDIP.500 mW 

Plastic DIP and SO.375 mW 


Static-sensitive device. Unused devices should be stored in conductive 
material. Stresses above those listed under “Absolute Maximum Ratings’’ 
may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. 


ELECTRICAL CHARACTERISTICS: Vs = ±5V, Ta = +25°C, unless otherwise indicated. 





TC913A 

TC913B 

1 

Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Vos 

Input Offset Voltage 

Ta = +25°C 

— 

5 

15 

— 

15 

30 

ttV 

TCVos 

Average Temperature 

0°C ^ Ta ^ -♦-70°C 

— 

0.05 

0.15 

— 

0.1 

0.25 

pV/°C 


Coefficient of Input 

-25°C < Ta < +85°C 

— 

0.05 

0.15 

_ 

0.1 

0.25 

^V/°C 


Offset Voltage 









Ib 

Average Input Bias 

Ta = -^25°C 

— 

— 

90 

— 

— 

120 

pA 


Current 

0°C < Ta < -i-70°C 

— 

— 

3 

— 

— 

4 

nA 



-25°C < Ta < -»-85°C 

— 

— 

4 

— 

— 

6 

nA 

los 

Average Input 

j 

— 

5 

20 

— 

10 

40 

pA 


Offset Current 









©N 

Input Voltage Noise 

0.1 to 1 Hz, Rs<100Q 

— 

0.6 

— 

_ 

0.6 

— 

jiVp.p 



0.1 to 10 Hz, Rs < 100D 

— 

11 

— 

— 

11 

— 

jiVp.p 

CMRR 

Common-Mode 

Vs<VcM<Vg-2.2V 

110 

116 

— 

100 

110 

— 

dB 


Rejection Ratio 









CMVR 

Common-Mode 


Vs 

— 

V^-2 

v| I 

— 

Vi-2 

V 


Voltage Range 









Aol 

Open-Loop Voltage 

RL=10kD, Vo = ±4V 

115 

120 

— 

110 

120 

— 

dB 


Gain 









VoUT 

Output Voltage Swing 

RL=10kn 

Vi+0.3 

— 

Vi -0.9 

Vi+0.3 

— 

V| -0.9 

V 

BW 

Closed-Loop 

Closed Loop Gain = +1 

— 

1.5 

— 

— 

1.5 

— 

MHz 


Bandwidth 









SR 

Slew Rate 

Rl= 10 kD, Cl = 50pF 

— 

2.5 

— 

— 

2.5 

— 

V/|is 

PSRR 

Power Supply 

+3.3V < Vs ^ ±5.5V 

110 

— 

— 

100 

— 

_ 

dB 


Rejection Ratio 









Vs 

Operating Supply 

Split Supply 

±3 

_ 

±8 

±3 

— 

+8 

V 


Voltage Range 

Single Supply 

4.5 

— 

16 

4.5 

— 

16 

V 

Is 

Quiescent Supply 

Vs = ±5V 

— 

0.65 

0.85 

_ 

_ 

1.1 

mA 


Current 




_1 
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CLOSED-LOOP GAIN (dB) SUPPLY CURRENT (pA) 


DUAL AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


TC913 


TYPICAL CHARACTERISTICS CURVES 


Supply Current vs ± Supply Voltage 



2 3 4 5 6 7 8 

± SUPPLY VOLTAGE (V) 


Gain and Phase vs Frequency 



Negative Overload Recovery Time 
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Input Offset Voltage vs Common-Mode Voltage 
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INPUT COMMON-MODE VOLTAGE (V) 

Output Voltage Swing vs Load Resistance 
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DUAL AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


TC913 


Theory of Operation 


Avoiding Latch-Up 


Each of the TC913's two op-amps actually consists of 
two amplifiers. A main amplifier is always connected from 
the input to the output. A separate nulling amplifier alter¬ 
nately nulls its own offset and then the offset of the amplifier. 
Since each amplifier is continuously being nulled, offset 
voltage drift with time, temperature, and power supply 
variations is greatly reduced. 

All nulling circuitry is internal and the nulling operation is 
transparent to the user. Offset nulling voltages are stored on 
two internal capacitors. An internal oscillator and control 
logic, shared by the TC913's two amplifiers, control the 
nulling process. 

Pin Compatibility 

The TC913 pinout is compatible with OP14, LM358, 
MC1458, LT1013, TLC322, and similar dual op-amps. In 
many circuits operating from single or ±5V supplies, the 
TC913 is a drop-in replacement offering DC performance 
rivaling that of the best single op-amps. 

The TC913's amplifiers Include a low-impedance class 
AB output buffer. Some previous CMOS chopper amplifiers 
used a high-impedance output stage which made open-loop 
gain dependent on load resistance. The TC913's open-loop 
gain is not dependent on load resistance. 

Overload Recovery 

The TC913 recovers quickly from output saturation. 
Typical recovery time from positive output saturation Is 
20 ms. Negative output saturation recovery time is typically 
5 ms. 


Junction-isolated CMOS circuits inherently contain a 
parasitic p-n-p-n transistor circuit. Voltages exceeding the 
supplies by 0.3V should not be applied to the device pins. 
Larger voltages can turn the p-n-p-n device on, causing 
excessive device power supply current and power dissipa¬ 
tion. The TC913's power supplies should be established at 
the same time or before input signals are applied. If this is not 
possible, input current should be limited to 0.1 mA to avoid 
triggering the p-n-p-n structure. 


Static Protection 


Input pins are protected against electrostatic fields. 
Static handling procedures should be used with all CMOS 
devices. Many companies provide services, educational 
material, and supplies to aid electronic equipment manufac¬ 
turers to establish "static safe" CMOS component handling 
areas. A partial company list is: 

• 3M 

Static Control Systems Div 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 



• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201)561-9520 
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"?^^TELEDYNE 

COMPONENTS 


TC914 


QUAD AUTO-ZEROED OPERATIONAL AMPLIFIER 


FEATURES 

■ First Monolithic Quad Auto-Zeroed Operational 
Amplifier 

■ Chopper Amplifier Performance Without External 
Capacitors 

— Vos ..15 ^xV Max 

— Vos Drift.0.15 pV/X Max 

— Saves Cost/Assembly of Eight "Chopper" 
Capacitors 

■ High DC Gain.110 dB 

■ Low Supply Current.1.5 mA 


■ Wide Common-Mode 

Voltage Range.Vs“ to Vs* “2V 

■ High Common-Mode Rejection.110 dB 

H Dual or Single Supply Operation.±3V to ±8V 

+4.5V to +16V 

■ Excellent AC Operating Characteristics 

— Slew Rate.2.5 V/jis 

— Unity-Gain Bandwidth.1.5 MHz 

■ Pin Compatible With LM358, TLC274, LM324, 
OP11, ICL7641/42 


FUNCTIONAL DIAGRAM 


-INPUT O- 
+INPUT O- 


i_L 




Vqs CORRECTION AMPLIFIER 


TC914 


L 


B^- 


INTERNAL 

OSCILLATOR 

(fosc«200Hz) 


SL . LOV 

> - ^ 

>^MAIN ^ 

^ AMPLIFIER I— 


1 OF 4 AMPLIFIERS SHOWN 


LOW IMPEDANCE 
.OUTPUT BUFFER 




-O OUTPUT 


*NOTE: Internal capacitors. No external capacitors required. 


1103-1 
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QUAD AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


TC914 


GENERAL DESCRIPTION 

The TC914 is the world's first complete monolithic 
quad auto-zeroed operational amplifier. The TC914 sets a 
new standard for low-power, precision quad operational 
amplifiers. Chopper-stabilized (or auto-zeroed) amplifiers 
offer low offset voltage errors by periodically sampling 
offset error, and storing correction voltages on capacitors. 
Previous single amplifier designs required two user-sup- 
plied, external 0.1 pF error storage correction capacitors — 
much too large for on-chip integration. The unique TC914 
architecture requires smaller capacitors, making on-chip 
integration possible. Microvolt offset levels are achieved 
and external capacitors are not required. 

The TC914 system benefits are apparent when con¬ 
trasted with a TC7650 chopper amplifier circuit implemen¬ 
tation. A single TC914 replaces four 7650's and eight 
capacitors. Eleven components and assembly steps are 
eliminated. 

The TC914 pinout matches many popular quad opera¬ 
tional amplifiers; OP11, TLC274, LTC1014, LM348, and 
ICL7642/41 are typical examples. In many applications, 
operating from dual 5V or single power supplies, the TC914 
offers superior electrical performance, and can be a func¬ 
tional drop-in replacement; printed circuit board rework is 
not necessary. The TC914's low offset voltage error elimi¬ 
nates offset voltage trim potentiometers often needed with 
bipolar and low-accuracy CMOS operational amplifiers. 

The TC914 takes full advantage of Teledyne's propri¬ 
etary CMOS technology. Its 1.5 mA supply current (250 pA 
per amplifier) makes the TC914 the lowest power, preci¬ 
sion quad operational amplifier available. The 250 pA am¬ 
plifier supply current does not compromise AC performance. 
Unity-gain bandwidth is 1.5 MHz and slew rate is 2.5 V/ps. 

For single- and dual-operational amplifiers, see the 
TC911 and TC913 data sheets. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

Maximum 

Offset 

Voltage 

TC914ACPD 

14-Pin 
Plastic DIP 

O'C to +70°C 

15 pV 

TC914BCPD 

14-Pin 
Plastic DIP 

0°C to +70°C 

30 pV 

TC914AIJD 

14-Pin 

CerDIP 

-25°C to +85X 

15 nV 

TC914BIJD 

14-Pin 

CerDIP 

-25°C to +85°C 

30 nV 

TC914ACOE 

16-Pin SO 

0°C to -t-70°C 

15 pV 

PIN CONFIGURATIONS 
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QUAD AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


TC914 


ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V’^s to V“s ).+18V 

Input Voltage.(V+s+O.SV) to (V“s -0.3V) 

Current Into Any Pin.10 mA 

While Operating.100 pA 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300°C 

Operating Temperature Range 

C Device.0°C to +70°C 

I Device..-25°C to +85°C 


Package Power Dissipation (Ta = +25°C) 


CerDIP.500 mW 

Plastic DIP and SO.375 mW 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vs = ±5V, Ta = +25°C, unless otherwise indicated. 





TC913A 

TC913B 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Vos 

Input Offset Voltage 

Ta = +25°C 

_ 

5 

15 

— 

15 

30 

pV 

TCVos 

Average Temperature 

0‘’C<Ta<-»-70‘’C 

— 

0.05 

0.15 

— 

— 

0.25 

|IV/°C 


Coefficient of Input 

-25°C < Ta < +85°C 

— 

0.05 

0.15 


— 

0.25 

pV/°C 


Offset Voltage 









Ib 

Average Input Bias 

Ta = +25°C 

— 

— 

90 

— 

— 

120 

pA 


Current 

0°C < Ta < +70°C 

— 

— 

3 1 


— 

4 

nA 



-25°C < Ta < +85®C 

— 

— 

4 


— 

6 

nA 

bs 

Average Input 

Ta = +25°C 

_ 

5 

20 

— 

10 

40 

pA 


Offset Current 


i 







©N 

Input Voltage Noise 

0.1 to 1 Hz, Rs < 100n 

— 

0.6 

— 

— 

0.6 

— 

pVp.p 



0.1 to 10 Hz, Rs < 100D 

— 

11 

— 

— 

11 

— 

pVp.p 

CMRR 

Common-Mode 

Vi<VcM<V^-2.2V 

110 

116 

— 

100 

110 

— 

dB 


Rejection Ratio 









CMVR 

Common-Mode 


Vg 

— 

Vg-2 

Vi 

— 

Vi-2 

V 


Voltage Range 









Aol 

Open-Loop Voltage 

RL=10kQ, Vo = ±4V 

115 

120 

— 

110 

120 

— 

dB 


Gain 









VoUT 

Output Voltage Swing 

Rl= lOkO 

Vs +0.3 

— 

V^ -0.9 

Vi+0.3 

— 

Vi -0.9 

V 

BW 

Closed-Loop 

Closed Loop Gain = +1 

— 

1.5 

— 

— 

1.5 

— 

MHz 


Bandwidth 









SR 

Slew Rate 

Rl= 10 kQ, Cl = 50pF 


2.5 


— 

2.5 

— 

V/[is 

PSRR 

Power Supply 

±3.3V< Vs<±5.5V 

110 

— 

— 

100 

— 

— 

dB 


Rejection Ratio 









Vs 

Operating Supply 

Split Supply 

±3 

— 

±8 

±3 

_ 

±8 

V 


Voltage Range 

Single Supply 

4.5 

— 

16 

4.5 

— 

16 

V 

Is 

Quiescent Supply 

Vs = ±5V 

— 

— 

1.6 

— 

— 

2.2 

mA 


Current 
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QUAD AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


TC914 _ 

TYPICAL CHARACTERISTICS CURVES 


Supply Current vs ± Supply Voltage 



2 3 4 5 6 7 8 

± SUPPLY VOLTAGE (V) 


Gain and Phase vs Frequency 



Negative Overload Recovery Time 


1 1 1 

T;^= +25°C 
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HORIZONTAL SCALE = 20 ms/DIV 


Input Offset Voltage vs Common-Mode Voltage 



-2-10 1 2 3 4 

INPUT COMMON-MODE VOLTAGE (V) 


Output Voltage Swing vs Load Resistance 



Positive Overload Recovery Time 
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QUAD AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


TC914 


Theory of Operation 

Each of the TC914's four op-amps actually consists of 
two amplifiers. A main amplifier is always connected from 
the input to the output. A separate nulling amplifier alter¬ 
nately nulls its own offset and then the offset of the main 
amplifier. Since each amplifier is continuously being nulled, 
offset voltage drift with time, temperature and power supply 
variations is greatly reduced. 

All nulling circuitry is internal and the nulling operation is 
transparent to the user. Offset nulling voltages are stored on 
two internal capacitors. An internal oscillator and control 
logic, shared by the TC914's two amplifiers, control the 
nulling process. 

Pin Compatibility 

The TC914 pinout is compatible with OP11, LM324, 
LM348, LT1014, TLC274, and similar quad op-amps. In 
many circuits operating from single or ±5V supplies, the 
TC914 is a drop-in replacement, offering DC performance 
rivaling that of the best single op-amps. 

The TC914's amplifiers include a low-impedance, class 
AB output buffer. Some previous CMOS chopper amplifiers 
used a high-impedance output stage which made open-loop 
gain dependent on load resistance. TheTC914's open-loop 
gain is not dependent on load resistance. 

Overload Recovery 

The TC914 recovers quickly from output saturation. 
Typical recovery time from positive output saturation is 
20 ms. Negative output saturation recovery time is typically 
5 ms. 

Avoiding Latch-Up 

Junction-Isolated CMOS circuits inherently contain a 
parasitic p-n-p-n transistor circuit. Voltages exceeding the 
supplies by 0.3V should not be applied to the device pins. 
Larger voltages can turn the p-n-p-n device on, causing 
excessive device power supply current and power dissipa¬ 
tion. The TC914's power supplies should be established at 
the same time or before input signals are applied. If this is not 
possible. Input current should be limited to 0.1 mA to avoid 
triggering the p-n-p-n structure. 


Static Protection 

Input pins are protected against electrostatic fields. 
Static handling procedures should be used with all CMOS 
devices. Many companies provide services, educational 
material, and supplies to aid electronic equipment manufac¬ 
turers to establish "static safe" CMOS component handling 
areas. A partial company list is: 

• 3M 

Static Control Systems Div 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201) 561-9520 
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COMPONENTS 


HIGH-VOLTAGE, AUTO-ZEROED OPERATIONAL AMPLIFIER 


FEATURES 


■ High-Voltage Operation.±15V 

■ Low Offset Voltage.10 ^V Max 

■ Low Offset Voltage Drift.0.2 |iV/°C 

■ Low Input Bias Current...200 pA Max 

■ High Open-Loop Voltage Gain.140 dB 

■ Wide Common-Mode 

Voltage Range.-15V to +13V 

■ Low Input Voltage Noise 

(0.1 Hztol Hz).0.2 ^iVp-p 

■ Low Supply Current.1mA 

■ Single Supply Operation.7V to 32V 

■ Pin Compatible With ICL7650 


■ Output Clamp Speeds Overload Recovery Time 


GENERAL DESCRIPTION 

The TC915 is a high-voltage, high-performance CMOS, 
chopper-stabilized operational amplifier. It can operate from 
the same ±15V power supplies commonly used to power 
bipolar op amps, such as the OP07 and 741. Previous 
CMOS chopper-stabilized amplifiers, such as the TC7650, 
were limited to operating from ±7.5V power supplies. 

The TC915's maximum Vqs specification is only 10 pV, 
almost a factor of 7 improvement over the industry-standard 
OP07E. The maximum Vos drift of 0.1 pV/°C Is 12 times less 
than the OP07E. Input bias and offset currents (both only 
100 pA maximum) are factors of 20 improvements. 

In addition to low initial offset errors, the nulling circuitry 
ensures excellent performance over time and temperature. 
Long-term drift, which results in periodic recallbratlon. Is 
effectively eliminated. The nulling circuitry continues to op¬ 
erate over the full temperature range, whereas laser and 
"zener zap" trimming are only done at a single temperature. 
The result is a significant decrease In temperature-induced 
errors. 


FUNCTIONAL DIAGRAM 
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The TC915 operates from dual- or single-power sup¬ 
plies. Supply current is typically 1 mA with ±15V supplies. 
Single supply operation extends from +7V to +32V, and the 
input common-mode range extends to Vs“. For battery op¬ 
eration, see the low-power TC900 data sheet. 

The TC915's open-loop gain is 120 dB minimum. Unlike 
the TC7650, the TC915's gain is independent of load resis¬ 
tance. The low-impedance output will drive a 10 kn load to 
±14V. An output clamp circuit is provided to minimize over¬ 
load recovery time. 

The TC915 uses two amplifiers to correct offset voltage 
errors. A main amplifier is always in the signal path, which 
prevents switching spikes at the output. A separate nulling 
amplifier alternately corrects its own Vos error and then the 
main amplifier's Vos error. Only two external capacitors are 
required to store the nulling error voltages. All active nulling 
circuitry, including switches and oscillators, are Included on- 
chip. 

TC915 does not require complicated processing and 
testing procedures associated with laser or "zener zap" Vos 
trimming schemes. Simplified fabrication and high yields 
combine to make the TC915 one of the lowest-priced 
precision op amps available. It Is available in 8-pin and 14- 
pln plastic or ceramic dual-in-line packages. Dice are avail¬ 
able for hybrid applications. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

Max 

Vos 

TC915CPA 

8-Pin 

Plastic DIP 

0°C to -i-70°C 

10 ^iV 

TC9151JA 

8-Pin CerDIP 

-25°C to +85'‘C 

10 ^iV 

TC915MJA 

8-Pin CerDIP 

-SS-’C to +125‘’C 

10 ^iV 

TC915CPD 

14-Pin 

Plastic DIP 

0°C to +70®C 

10 nV 

TC915IJD 

14-Pin CerDIP 

-25'*C to -i-85'’C 

10 ^iV 

TC915MJD 

14-Pin CerDIP 

-SS'C to-»-125®C 

10 ^v 


PIN CONFIGURATION 


o 

> 

FL 

• 

o 

CD 

-INPUT [T 


II 

+input[T 

TC915 

T] OUTPUT 

vsd 


T] CLAMP 


Cb[i 

EBBH 

INT/EXT 

Ca[2 


:;r| EXT CLOCK 

IfJ INPUT 

(GUARD) IA 


7;i INT CLOCK 

III OUTPUT 

-INPUT |T 


I] Vs 

+INPUT[£ 


^ OUTPUT 

(GUARD) LI 


T\ OUTPUT CLAMP 

vgE 


H ^RET 


NC =: NO tNTERNAL CONNECTION 
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ABSOLUTE MAXIMUM RATINGS 

Package Power Dissipation (Ta = +25°C) 

CerDIP.500 mW 

Plastic DIP.375 mW 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vs = ±15V, Ta = +25°C, unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

Vos 

Input Offset Voltage 


— 

— 

10 

pV 

TCVos 

Input Offset Voltage vs 

0'>C«Ta«+70<'C 

_ 

0.01 

0.1 

pV/°C 


Temperature Coefficient 

-25°C ^ Ta ^ +85°C 

— 

— 

0.3 

pV/°C 

Ib 

Input Bias Current 

Ta = +25‘’C 

— 

30 

100 

pA 



O^’C ^ Ta ^ +70«C 

— 

— 

— 

pA 



-25‘’C ^ Ta ^ +85«C 

— 

— 

10 

pA 

los 

Input Offset Current 


— 

50 

100 

pA 

©N 

Input Voltage Noise 

0.1 tol Hz. Rs^ loon 

— 

0.2 

— 

pVp.p 



0.1 to 10 Hz, Rs ^ 100Q 

— 

0.8 

— 

pVp.p 

CMRR 

Common-Mode Rejection Ratio 

Vs“ ^ VcM Vs‘^-2 

120 

140 

— 

dB 

CMVR 

Common-Mode Voltage Range 


Vs" 


N) 

V 

Aol 

Open-Loop voltage Gain 

Rl= lOkO, Vo = ±10V 

120 

140 

— 

dB 

VoUT 

Output Voltage Swing 

Rl= lOkQ 

Vs-+1 

— 

VS+-1.2 

V 

BW 

Closed-Loop Bandwidth 

Closed-Loop Gain = -»-1 

— 

0.5 

— 

MHz 


Slew Rate 

RL=10ka, Cl=50pF 

— 

0.5 

— 

V/ps 

PSRR 

Power Supply Rejection Ratio 

Vs = ±5V to±15V 

120 

140 

— 

dB 

Vs 

Supply Voltage Operating Range 

(Note 1 ) 

±3.5 

— 

±16 

V 

Is 

Quiescent Supply 

Vs = ±15V 

— 

1 

1.5 

mA 


NOTE: 1. Single supply operation: Vs’*' = +7V to +32V. 


Total Supply Voltage (Vs"^ to Vs").+36V 

Input Voltage.(Vs"^ 4-0.3V) to (Vs“ -0.3V) 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec).+300®C 

Current Into Any Pin.10 mA 

Operating Temperature Range 

C Device.0°C to +70"’C 

I Device.-25°C to +85°C 

M Device.-55°C to +125°C 


Theory of Operation 

Figure 1 shows the major elements of the TC915. There 
are two amplifiers: a main (signal) amplifier and a nulling 
amplifier. Both have offset-nulling capability. The main am¬ 
plifier is always connected to the output. The nulling ampli¬ 
fier alternately samples and adjusts its own offset, then the 
offset of the main amplifier. 

A two-phase operation nulls the main amplifier. During 
the first phase, the A pair of switches close, while the B 
switches open. The nulling amp's inputs are shorted and its 
output is fed back to the nulling input. Capacitor Ca charges 
to a voltage which will maintain the nulling amp in its nulled 
state. 


During the second phase, the B switches close and the 
A switches open. The nulling amplifier's inputs now sample 
the offset voltage of the main amplifier. The nulling amplifier 
drives the main amplifier's nulling input to cancel the main 
amplifier's offset voltage. Capacitor Cb stores the nulling 
voltage of the main amplifier while the nulling amplifier is 
being nulled on the next cycle. 

The TC915 design also incorporates an additional out¬ 
put buffer stage. The buffer provides a low-impedance 
output traditionally associated with bipolar op amps. Some 
CMOS chopper-stabilized amplifiers, such as the TC7650, 
have a high-output impedance which makes open-loop gain 
proportional to load resistance. The TC915's open-loop gain 
is not dependent on load resistance. 
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Figure 1 The TC915 Contains Nulling and Main Amplifiesr (Offset Correction Voltages Are Stored on Two External Capacitors) 


Pin Compatibility 

Since the TC915 operates from the same ±15V power 
supplies as bipolar op amps, upgrading existing circuits is 
simple. The bipolar op amp's nulling and compensation 
components are removed and the TC915's nulling capaci¬ 
tors are added. 

On the 8-pin mini-DIP, the external null storage capaci¬ 
tors are connected to pins 1 and 8. On most other opera¬ 
tional amplifiers these are left open or used for offset 
potentiometer or compensation capacitor connections. 

For OP05 and OP07 operational amplifiers, replacing 
the offset null potentiometer between pins 1 and 8 with two 
capacitors from the pins to Vs“ converts the OP05/07 pin 
configuration for TC915 operation. The 741 is easily up¬ 
graded by removing the nulling potentiometer between pin 
4 and pins 1 and 5, then connecting capacitors from pin 4 to 
pins 1 and 8. For LM108 devices, the compensation capaci¬ 
tor is replaced by the external nulling capacitors. The LM101/ 
748/709 pinouts are similarly modified by removing any 
circuit connections to pin 5. Pin 5 on the TC915 is the output 
clamp connection. Other operational amplifiers may usethis 
pin as an offset or compensation point. 

The minor modifications needed to retrofit a TC915 to 
existing sockets make prototyping and circuit verification 
straightforward. 

Nulling Capacitors 

The offset voltage correction capacitors are connected 
to Ca and Cb- The common capacitor connection is made to 
Vs" (pin 4) on the 8-pin packages and to capacitor return 
(Cret, pin 8) on the 14-pin packages. The common connec¬ 
tion should be made through a separate PC trace or wire, to 
avoid voltage drops. Internally, Vs" is connected to Cret- 


Ca and Cb should be 0.1 jiF film capacitors. Mylar 
capacitors are suitable. 

Component Selection 

The two required capacitors, Ca and Cb, have optimum 
values, depending on the clock or chopping frequency. For 
the preset internal clock, the correct value is 0.1 pF. To 
maintain the same relationship between the chopping fre¬ 
quency and the nulling time constant, the capacitor values 
should be scaled in proportion to the external clock. If used. 
High-quality, film-type capacitors (such as Mylar) are pre¬ 
ferred. Ceramic or other lower-grade capacitors may be 
suitable In some applications. For fast settling at initial 
turn-on, lowdielectric absorption capacitors (such as polypro¬ 
pylene) should be used. With ceramic capacitors, several 
seconds may be required to settle to 1 pV. 



8-36 





HIGH-VOLTAGE, AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


TC915 


Clock Operation 

The internal oscillator is set for a 1000 Hz nominal 
frequency on both the 8-pin and 14-pin Dl Ps. With the 14-pin 
device, the 250 Hz internal frequency is available at the 
INTERNAL CLOCK OUTPUT (pin 12). A 1000 Hz nominal 
signal will be present at the EXTERNAL CLOCK INPUT (pin 
13) with INT /EXT high or open. This is the internal clock 
signal before a divide-by-four operation. 

The 14-pin device can be driven by an external clock. 
The INT /EXT input (pin 14) has an internal pull-up and may 
be left open for internal clock operation. If an external clock 
is used, INT /EXT must be tied to Vs~ (pin 7) to disable the 
internal clock. The external clock signal is applied to the 
external clock input. 

The external clock amplitude should swing between 
Vs^ and ground for power supplies up to ±6V, and between 
Vs^ and Vs^ -6V for higher supply voltages. When the 
external clock is generated by +5V logic, capacitive cou¬ 
pling to pin 13 (through a 0.1 pF capacitor) will provide 
adequate drive. 

At low frequencies the external clock duty cycle is not 
critical, since an internal divide-by-four gives the desired 
50% switching duty cycle. The offset storage correction 
capacitors are charged only when the external clock input is 
high. A 50% to 80% external clock positive duty cycle is 
desired for frequencies above 500 Hz to guarantee tran¬ 
sients settle before the internal switches open. 

The external clock input can also be used as a strobe 
input. If a stobe signal is connected at the external clock 
input, so that it is low during the time an overload signal is 
applied, neither capacitor will be charged. This function can 
be used to prevent input transients from overloading the 
nulling circuitry. Leakage currents at the capacitor pins are 
very low, minimizing offset voltage drift during strobe opera¬ 
tion. 

Output Clamp 

Chopper-stabilized systems can show long overload 
recovery times. If the output is driven to either supply rail, 
output saturation occurs; the inputs are no longer held at a 
"virtual ground." The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the 
external capacitors. The nulling circuit also saturates. Once 
the input signal returns to normal, the response time is 
lengthened by the long recovery time of the nulling amplifier 
and external capacitors. 

Through the external-clamp connection, the TC915 
eliminates the overload recovery problem by reducing the 
feedback network gain before the output voltage reaches 
either supply rail. 

The output clamp circuit is shown in Figure 3, with typical 
inverting and noninverting circuit connections shown in 


Figures 4 and 5. For the clamp to be fully effective, the 
impedance across the clamp output should be >100 kt2. 

When the clamp is used, the clamp OFF leakage will add 
to input bias current. However, clamp leakage in the OFF 
state is typically only 1 pA. 

Input Bias Current 

The TC915 inputs are never disconnected from the 
main internal amplifier. The null amplifier samples the input 
offset voltage and corrects DC errors and drift by storing 
compensating voltages on external capacitors. However, 
the sampling causes charge transfer at the inputs. 

The impulse current is not usually a problem, because 
the amount of charge transferred is very small. Care should 
be exercised, however, when replacing high-input bias 
current bipolar op amps. Conventional design practice is to 
cancel bias current by matching the input impedances 
(Figure 6a). The TC915 has an input bias current of only 


O INTERNAL POSITIVE 
CLAMP BIAS 
== V^-Vj-V^-O.ZV 

-P-CHANNEL 


_O OUTPUT 

CLAMP PIN 

-|- N-CHANNEL 

INTERNAL NEGATIVE 
0 CLAMP BIAS 

« Vg + Vj - + 0.7V 

^ TC915 
O OUTPUT PIN 


Figure s Internal Clamp Circuit 



Figure 4 Noninverting Amplifier With Optional Clamp 
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Rj 



CONNECT CAPACITORS TO 
Vs WITH 8-PIN PACKAGE 


Figure 5 Inverting Amplifier With Optional Clamp 

100 pA maximum, so the additional resistor is not neces¬ 
sary. In fact, including the resistor will make the charge 
injection current, passing through the impedance balancing 
resistor, appear as a noise source. When replacing an 
existing op amp with the TC915, either omit the resistor or 
bypass it to ground with a capacitor (Figure 6b). 

Latch-Up Avoidance 

Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteris¬ 
tics similar to an SCR. Under certain circumstances, this 


junction may be triggered into a low-impedance state, result¬ 
ing in excessive supply current. To avoid this condition, 
voltages greater than 0.3V beyond the supply rails should 
not be applied to any pin. In general, the amplifier supplies 
must be established at the same time, or before, any input 
signals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 0.1 mA to avoid latch- 
up. 

Static Protection 

All device pins are static-protected. However, strong 
static fields and discharges should be avoided as they can 
degrade diode junction characteristics and increase input- 
leakage currents. 

Many companies are actively involved in providing 
services, educational materials, and supplies to aid elec¬ 
tronic manufacturers In establishing "static safe" work areas 
where CMOS components are handled. Two such compa¬ 
nies are: 

• 3M 

Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 




Figure 6 input Bias Current Cancellation 
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TYPICAL CHARACTERISTICS CURVES 


Supply Current 



0 2 4 6 8 10 12 14 16 18 20 

± SUPPLY VOLTAGE (V) 


Input Offset Voltage 
vs Common-Mode Voltage 



INPUT COMMON-MODE VOLTAGE (V) 


Gain and Phase 
vs Frequency 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Output Voltage Swing 


225 

180 

135 

90 I 

Ui 

45 < 

I 

Q. 

0 

-45 

-90 



Ik 10k 100k 

LOAD RESISTANCE (O) 


1M 


Input Common-Mode Voltage 
Range vs ± Supply Voltage 

16 
12 
8 
4 
0 
-4 
-8 
-12 
-16 

0 2 4 6 8 10 12 14 16 

± SUPPLY VOLTAGE (V) 



Input Offset Voltage 



100 Ik 10k 

EXT CLOCK INPUT FREQUENCY (Hz) 
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TYPICAL CHARACTERISTICS CURVES (Cont.) 


Input Voltage Noise 
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FEATURES 


■ Low Power Supply Current.800 )iA Max 

■ Low Input Offset Voltage..50 p.V Max 

■ Low Input Offset Voltage Drift.0.8 |iV/°C Max 

■ High-Impedance Differential 

CMOS Inputs. 10 ^ 2 q 

■ High Open-Loop Voltage Gain.100 dB Min 

■ Low Input Noise Voltage.0.3 M.Vp.p 

■ Compensated Internally for Stable Unity-Gain 
Operation 

■ High Common-Mode Rejection.98 dB Min 


■ Small Outline (SO) Packages Available 


GENERAL DESCRIPTION 

The TC918 is a general-purpose, low-cost CMOS 
operational amplifier. By periodically sampling input offset 
voltage and storing compensating voltages in external 
capacitors, low offset voltage errors are possible. The 
correction circuits compensate offset voltage drift with 
temperature and time. Offset voltage temperature coefficient 
is 0.8 p.V/°C maximum; Vos is 50 pV maximum. 

The TC918 performance advantages are achieved 
without the manufacturing complexity and costs incurred 
with laser or "zener zap" Vos trim techniques. The TC918 
offers a 0.2 V/ps slew rate and a 700 kHz unity-gain 
bandwidth. Open-loop voltage gain is 100 dB. 

Operating from ±5V supplies, the TC918’s power dissi¬ 
pation is under 10 mW. In +5V-only systems, the TC7660 
DC-to-DC converter can supply the TC918’s negative sup¬ 
ply potential. The TC918 will also operate from a single 
+5V supply. 

For lower power dissipation and offset voltage errors, 
see the TC900 and TC7650/TC7650A specifications. 


FUNCTIONAL DIAGRAM 



I 14-PIN DIP ONLY 

I 


1105-1 
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ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

Max 

Vos 

TC918CPA 

8-Pin Plastic DIP 

0°C to -h70°C 

50 ^iV 

TC918COA 

8-Pin SO 

0°C to -f70®C 

50 |xV 

TC918IJA 

8-Pin CerDIP 

-25°C to +85°C 

50 ^iV 

TC918CPD 

14-Pin Plastic DIP 

0°C to +70°C 

50 ^V 

TC9181JD 

14-Pin CerDIP 

-25°C to +85°C 

50 ^iV 


PIN CONFIGURATIONS 


8-Pin DIP 


CaE 


IJCb 

- INPUT [T 


II Vs 

+ INPUT |T 

TC918 

T] OUTPUT 

VsE 


T] CLAMP 


14-Pin DIP 


CbEI 


i3 INT/EXT 


■■ 

EXT CLK 
121 INPUT 

NcE 


7 ^ INT CLK 
Ifi OUTPUT 

- INPUT E 


in Vs 

+ INPUT E 


OUTPUT 

ncE 


OUTPUT 
.11 CLAMP 



1]Cret 


NC = NO INTERNAL CONNECTION 


8-Pin SO 


CaE 

- INPUT [T 
+ INPUT |T 

Vi [7 


TC918 


U^B 

I] Vs" 

OUTPUT 
T]CLAMP 


ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (Vs^ to Vs~).+18V 

Input Voltage.(Vs'^ +0.3V) to (Vs“ -0.3V) 

Voltage on Oscillator Control Pins.Vs'^ to Vs" 

Output Short Circuit Duration.Indefinite 

Current Into Any Pin.10 mA 

While Operating (Note 4).100 pA 

Storage Temperature Range.-65°C to -i-150°C 

Lead Temperature (Soldering, 10 sec).+300''C 

Operating Temperature Range 

C Device.0°C to -i-70°C 

I Device.-25°C to -f85°C 


Package Power Dissipation (Ta = +25°C) 

Plastic and CerDIP.500 mW 

Static-sensitive device. Unused devices must be stored in conductive 
material to protect them from possible static damage. Stresses above 
those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vs+ = +5V, Vs” = -5V, Ca = Cb = 0.1 |iF, Ta = +25‘’C. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

Vos 

Input Offset Voltage 

Ta = +25«C 

— 

— 

50 

pV 

TCVos 

Input Offset Voltage vs 

Average Temperature 

Coefficient 

Operating Temperature 

Range (Note 1) 

_ 

0.4 

0.8 

pV/°C 

Ibias 

Average Input Bias Current 
(Note 5) 

Ta = +25°C 

— 

— 

100 

pA 

los 

Input Offset Current 

Ta = -i-25‘’C 

— 

0.5 

— 

pA 

On 

Input Noise Voltage 

Rs=100a, OtolOHz 

Rs= 100Q, Oto 1 Hz 

— 

4 

0.3 

— 

pVp.p 

pVp.p 

Rin 

Input Resistance 


— 

10^2 

— 

a 

CMVR 

Common-Mode Voltage Range 


Vi 


VS-2 

V 

CMRR 

Common-Mode Rejection Ratio 

CMVR = -5Vto -f2V 

98 

115 

— 

dB 
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ELECTRICAL CHARACTERISTICS (Cont.) 

Symbol Parameter 

Output 


TC918 


Test Conditions 


Av 

Large-Signal Voltage Gain 

Rl= 10 ka 

100 

130 

— 

dB 

VoUT 

Output Voltage Swing (Note 3) 

Rl = 25 ka 

RL=100ka 

-4.7 

-4.9 

— 

-1-3.5 

+3.9 

V 

V 


Clamp ON Current (Note 2) 

RL=iookn 

20 

90 

200 

pA 


Clamp OFF Current (Note 2) 

—4V < VouT < +4V 

— 

1 

— 

pA 

Dynamic 

BW 

Unity-Gain Bandwidth 

Unity Gain (+1) 

— 

0.7 

— 

MHz 

SR 

Slew Rate 

Cl = 50pF, Rl= lOkn 

— 

0.2 

— 

V/ps 

Supply 

Vs^ to Vs 

Operating Supply Range 


4.5 

1 

16 


Is 

Supply Current 

No Load 

— 

300 

800 

pA 

PSRR 

Power Supply Rejection Ratio 

Vs = ±3V to ±8V 

105 

— 

— 

dB 

NOTES: 1. Operating temperature range is -25°C to ■f85°C for "1" devices and 0°C to +70°C for "C" 

devices. 





2. See “Output Clamp” discussion. 

3. Output clamp not connected. 

4. Limiting input current to 100 p-A is recommended to avoid latch-up problems. 

5. Average current caused by sv/itch charge transfer at input. 


Op-Amp Performance Comparison 

The TC918 is a low-cost, low-power, precision ampli- 
fier. A comparison between the TC918 and other amplifiers 
is shown in Figure 1. 


Supply Current vs Offset Voltage 


Maximum Vq^ vs Vq^ Drift 


— 

— 

- 

z:::J 




I 




I 




1 c 







.TC918,. 

— 


- 

rimiT 

— 

— 


[- 


















^OP07 C- 
CA3493 b| 


-OP02 D 

PI iil i l 

-CA316(>4 + 
OP02C 


a _OP 08 G_j_LM308 
0P12G|4^ 

—TLC271B^. 
-HICL7611 B«4|i 
bQ = 100MA) 


glOOjjV 

s 



IOOjjV 1 mV 

MAXIMUM OFFSET VOLTAGE 


MAXIMUM OFFSET VOLTAGE (mV/°C) 


Figure 1. TC918 Comparison to Other Amplifiers 
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Nulling Capacitors 

The offset voltage correction capacitors are connected 
to Ca and Cb- The common capacitor connection is made 
to Vs“ (pin 4 on 8-pin devices) and to capacitor return Cret 
(pin 8 on 14-pin devices). The common connection should 
be made through a separate PC trace or wire to avoid 
voltage drops. 

Internally, Vs" is connected to Cret- 

Ca and Cb should be 0.1 pF film capacitors. Mylar 
capacitors are suitable. 


Vs Vi 



14-PlN PACKAGE 


(PIN 8 IS INTERNALLY 
CONNECTED TO PIN 7 
ON 14-PIN PACKAGE) 


Vs 



Figure 2. Nulling Capacitor Connection 


The external clock amplitude should swing between 
Vs"*" and ground for power supplies up to ±6V and between 
Vs'^ and Vs"^ -6V for higher supply voltages. 

At low frequencies, the external clock duty cycle is not 
critical, since an Internal divide-by-two gives the desired 
50% switching duty cycle. The offset storage correction 
capacitors are charged only when the external clock input 
is high. A 50% to 80% external clock-positive duty cycle is 
desired for frequencies above 500 Hz to guarantee tran¬ 
sients settle before the internal switches open. 

The external clock input can also be used as a strobe 
input. If a strobe signal is connected at the external clock 
input, so that it is low during the time an overload signal is 
applied, neither capacitor will be charged. The leakage 
currents at the capacitor pins are very low. 

Output Clamp 

If the output is driven to either supply rail, output satura¬ 
tion occurs. The inputs are no longer held at a "virtual 
ground." The Vos null circuit treats the differential signal as 
an offset and tries to correct it by charging the external 
capacitors. The nulling circuit also saturates. Once the input 
signal returns to normal, the response time is lengthened by 
the long recovery time of the internal correction circuit and 
external capacitors. 

Through an external clamp connection, the TC918 elimi¬ 
nates the overload recovery problem by reducing the feed¬ 
back network gain before the output voltage reaches either 
supply rail. 

Normally, the clamp pin is not connected. 


Clock Operation 

The internal oscillator is set for a 150 Hz nominal 
frequency. With the 14-pin device, the 150 Hz internal 
frequency is available at the internal clock output (pin 12). 
A 300 Hz nominal signal wi ll be present at the external 
clock input (pin 13), with INT/EXT high or open. This is the 
internal clock signal before a divide-by-two operation. 

The 14-p in device can be driven by an external clock. 
The INT/EXT input (pin 14) has an internal pull-up and may 
be left open f or int ernal clock operation. If an external clock 
is used, INT/EXT must be tied to Vs" (pin 7) to disable the 
internal clock. The external clock signal is applied to the 
external clock input (pin 13). 


O INTERNAL POSITIVE 
I CLAMP BIAS 


P-CHANNEL 


O OUTPUT 
CLAMP PIN 


-N-CHANNEL 

INTERNAL NEGATIVE 
i CLAMP BIAS 


O TC918 

OUTPUT PIN 


Figure 3. Internal Clamp Circuit 
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Figure 4. Noninverting Amplifier With Optional Clamp 




Rj 

Vv A A 



Ri 

k AAA II 

VVV 

S^CLAMP 


r ^ 

TC918 

^ VVV • 
INPUT 



>—i -► 

► OUTPUT 



-II- 

(R^ II R 2 ) >100ka 

FOR FULL CLAMP 
EFFECT 


0.1 mF 

0.1 pF 


CONNECT CAPACITORS TO 
Vg WITH 8-PIN DEVICE 





Figure 5. Inverting Amplifier With Optional Clamp 


Input Bias Current 

The TC918’s inputs are never disconnected from the 
main internal amplifier. The null amplifier samples the input 
offset voltage and corrects DC errors and drift by storing 
compensating voltages on external capacitors. The sam¬ 
pling, however, causes charge transfer at the inputs. The 
charge transfer represents a peak impulse current of 200 nA 
to 290 nA at the inputs when the internal clock makes a 
transition. 


Latch-Up Avoidance 

Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteris¬ 
tics similar to an SCR. Under certain circumstances, this 
junction may be triggered into a low-impedance state, re¬ 
sulting in excessive supply current. To avoid this condition, 
voltages greater than 0.3V beyond the supply rails should 
not be applied to any pin. In general, the amplifier supplies 
must be established either at the same time or before any 
input signals are applied. If this is not possible, the drive 
circuits must limit input current flow to under 0.1 mA to 
avoid latch-up. 


TYPICAL CHARACTERISTIC CURVES 
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CHOPPER-STABILIZED OPERATIONAL AMPLIFIER 


FEATURES 


■ Low Input Offset Voltage...0.7 |j.V 

■ Low Input Offset Voltage Drift.0.05 ^V/^C Max 

■ Low Input Bias Current.lOpAMax 

■ High Impedance Differential CMOS Inputs ....10^^a 

■ High Open-Loop Voltage Gain.120 dB Min 

■ Low Input Noise Voltage.2.0 p. Vp-p 

■ High Slew Rate...2.5 V/p.s 

■ Low-Power Operation.20 mW 


■ Output Clamp Speeds Recovery Time 

■ Compensated Internally for Stable Unity Gain 
Operation 

■ Direct Replacement for ICL7650 

■ Available in 8-Pin Dip 


GENERAL DESCRIPTION 

The TC7650 CMOS chopper-stabilized operational 
amplifier practically removes offset voltage error terms 
from system error calculations. The 5 pV maximum Vos 


specification, for example, represents a 15 times improve¬ 
ment over the industry-standard OP07E. The 50 nV/®C 
offset drift specification is over 25 times lower than the 
OP07E. The increased performance eliminates Vos trim 
procedures, periodic potentiometer adjustment and the re¬ 
liability problems caused by damaged trimmers. 

The TC7650 performance advantages are achieved 
without the additional manufacturing complexity and cost 
incurred with laser or "zener zap" Vos trim techniques. The 
TC7650 is one of the lowest cost precision-operational 
amplifiers available. 

The TC7650 nulling scheme corrects both DC Vos 
errors and Vos drift errors with temperature. A nulling 
amplifier alternately corrects its own Vos errors and the main 
amplifier Vos error. Offset nulling voltages are stored on two 
user-supplied external capacitors. The capacitors connect 
to the internal amplifier Vos null points. The main amplifier 
input signal is never switched. Switching spikes are not 
present at the TC7650 output. The null scheme keeps Vos 
errors low throughout the operating temperature range. 
Laser and "zener zap" trimming can correct for Vos at only 
one temperature. 


FUNCTIONAL DIAGRAM 



1083-1 (4349) 
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The nulling circuit oscillator and control circuits are 
integrated on-chip. Only two external Vqs error storage 
capacitors are required. The TC7650 operates as a con¬ 
ventional operational amplifier with improved input specifi¬ 
cations. The low Vos and Vos drift errors make the TC7650 
ideal for thermocouple, thermistor, and strain-gauge appli¬ 
cations. Low DC errors and high open-loop gain make the 
TC7650 an excellent preamplifier for precision analog-to- 
digital converters, such as the TC7135 and TC800. 

The 14-pin dual-in-line package (DIP) has an external 
oscillator input to drive the nulling circuitry for optimum noise 
performance. Both the 8- and 14-pin DIPs have an output 
voltage clamp circuit to minimize overload recovery time. 

ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

Max 

Vos 

TC7650CPA 

8-Pin Plastic DIP 

0°C to -i-70‘’C 

5 p,V 

TC7650IJA 

8-Pin CerDIP 

-25°C to +85‘’C 

5^V 

TC7650CPD 

14-Pin Plastic DIP 

0°C to +70^C 

5^V 

TC7650IJD 

14-Pin CerDIP 

-25°C to +85^C 

S^iV 

PIN CONFIGURATIONS 



8-Pin DIP 


CaU 


i] 

(-) INPUT \T 


I]vg 

(+) INPUT [T 

TC7650 

1] OUTPUT 

vid 


T] CLAMP 


14-Pin DIP 


^bIZ 

■■■ 

INT/^ 

^a[T 

■■ 

EXT CLK 
ill INPUT 

NCIT 

(GUARD) L^ 


INT CLK 
i^ OUTPUT 

(-) INPUT [T 


EVs 

(+) INPUT [T 


^ OUTPUT 

NC[T 

(GUARD) L- 


■T] OUTPUT 

CLAMP 

viE 


^ Cretn 

NC = NO INTERNAL CONNECTION 
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ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage (Vs^ to Vs").18V 

Input Voltage.(Vs‘*'+0.3V) to (Vs"-0.3V) 

Storage Temperature Range.-65®C to -f150°C 

Lead Temperature (Soldering, 10 sec)..300°C 

Voltage on Oscillator Control Pins.Vs'*’ to Vs" 

Output Short Circuit Duration.Indefinite 

Current Into Any Pin.10 mA 

While Operating (Note 4).100 pA 

Operating Temperature Range 

I Device.-25°C to +85°C 

C Device.0°C to +70°C 

Package Power Dissipation (Ta = 25°C) 

CerDIP.500 mW 

Plastic DIP.375 mW 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS: Vs^ = +5V. Vs" = -5V, Ca = Cb = 0.1 ^iF. Ta = 25°C 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 


Input 


Vos 

Input Offset Voltage 

Ta = +25°C 

Over Operating Temp Range 
(Note 1) 

— 

±0.7 
± 1.0 

1 

±5 

pV 

AVos/AT 

Input Offset Voltage 

Operating Temperature Range 

— 

0.01 

0.05 

pV/«C 


Average Temperature 

(Note 1) 






Coefficient 







Offset Voltage vs. Time 


— 

100 

— 

nV/ 







month 

Ibias 

Input Bias Current 

Ta = +25^C 

— 

1.5 

10 

pA 



0°C < Ta < +70°C 

— 

35 

150 

pA 



-25°C < Ta < +85®C 

— 

100 

400 

pA 

bs 

Input Offset Current 

Ta = +25^0 

— 

0.5 

— 

pA 

©NP-P 

Input Noise Voltage 

Rs= lOOa Oto 10 Hz 

— 

2 

— 

jxVp.p 

In 

Input Noise Current 

f = 10Hz 

— 

0.01 

— 

pA/VHz 

Rin 

Input Resistance 


— 

1012 


Q. 

CMVR 

Common-Mode 


-5 

~5.2 

+1.6 

V 


Voltage Range 



to +2 



CMRR 

Common-Mode 

CMVR = -5Vto-Hl.5V 

120 

130 

— 

dB 


Rejection Ratio 






Output 

A 

Large Signal Voltage 

Rl= 10 kQ 

120 

130 

— 

dB 


Gain 






VoUT 

Output Voltage Swing 

Rl= lOkO 

±4.7 

±4.85 

— 

V 


(Note 3) 

Rl= 100 kQ 

— 

±4.95 

— 

V 


Clamp ON Current 

Rl = 100 kQ 

25 

70 

200 

pA 


(Note 2) 







Clamp OFF Current 

—4V < VouT < +4V 

— 

1 

— 

pA 


(Note 2) 

_ 1 





Dynamic 

Bw 

Unity-Gain Bandwidth 

Unity Gain (- 1 - 1 ) 

— 

2.0 

— 

MHz 

Sr 

Slew Rate 

CL=50pF, Rl= lOkO 

— 

2.5 


V/ps 

tR 

Rise Time 

i 

— 

0.2 

— 

ps 

Overshoot 

— 

20 

— 

% 

fCH 

Internal Chopping 

Pins 12-14 Open (DIP) 

120 

200 

375 

Hz 


Frequency 






Supply 

Vs^ Vs" 

Operating Supply Range 


4.5 

— 

16 

V 

Is 

Supply Current 

No Load 

— 

2 

3.5 

mA 

PSRR 

Power Supply 

Vs = ±3V to ±8V 

120 

130 


dB 


Rejection Ratio 







NOTES: 1. Operating temperature range is -25°C to +85°C for "I" grade and 0°C to +70°C for "C" grade. 

2. See "Output Clamp" discussion. 

3. Output clamp not connected. See typical characteristics curves for output swing versus clamp current characteristics. 

4. Limiting input current to 100 juA is recommended to avoid latch-up problems. 
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Theory of Operation 

Figure 1 shows the major elements of the TC7650. 
There are two amplifiers (the main amplifier and the nulling 
amplifier), and both have offset-null capability. The main 
amplifier is connected full-time from the input to the output. 
The nulling amplifier, under the control of the chopping 
frequency oscillator and clock circuit, alternately nulls itself 
and the main amplifier. Two external capacitors provide the 
required storage of the nulling potentials and the necessary 
nulling-loop time constants. The nulling arrangement oper¬ 
ates over the full common-mode and power-supply ranges, 
and is also independent of the output level, thus giving 
exceptionally high CMRR, PSRR, and Avol- 

Careful balancing of the input switches minimizeschop- 
perfrequencycharge injection attheinputterminals.andthe 
feed-forward-type injection into the compensation capacitor 
that can cause output spikes in this type circuit. 

The circuit's offset voltage compensation is easily shown. 
With the nulling inputs shorted, a voltage almost identical to 
the nulling amplifier offset voltage is stored on Ca. The 
effective offset voltage at the null amplifier input is: 

VosE = A ^ i ^OSN (1) 

An + 1 

After the nulling amplifier is zeroed, the main amplifier is 
zeroed; the A switches open and B switches close. 

The output voltage equation is: 

Vo = Am [Vosm + (V-^-V-) + An (V^-V') + An Vqse] (2) 


Substituting (1) -> (2) and assuming An »1: 


Vo = Am An 


(V+-V-) + 


Vqsm + Vqsn 
An 


( 3 ) 


As desired, the device offset voltages are reduced by 
the high open-loop gain of the nulling amplifier. 

Output Stage/Load Driving 

The output circuit is a high-impedance stage (approxi¬ 
mately 18 kl^). With loads less than this, the chopper 
amplifier behaves in some ways like a transconductance 
amplifier whose open-loop gain is proportional to load resis¬ 
tance. For example, the open-loop gain will be 17 dB lower 
with a 1 kQ load than with a 10 kfli load. If the amplifier is used 
strictly for DC, the lower gain is of little consequence, since 
the DC gain is typically greater than 120 dB, even with a 1 kD 
load. In wideband applications, the best frequency response 
will be achieved with a load resistor of 10 kQ or higher. This 
results in a smooth 6 dB/octave response from 0.1 Hz to 2 
MHz, with phase shifts of less than 10° in the transition 
region, where the main amplifier takes over from the null 
amplifier. The clock frequency sets the transition region. 

Intermodulation 

Previous chopper-stabilized amplifiers have suffered 
from intermodulation effects between the chopper frequency 
and input signals. These arise because the finite AC gain of 
the amplifier results in a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies, and causing disturbances to the gain and 
phase versus frequency characteristics near the chopping 
frequency. These effects are substantially reduced in the 
TC7650 by feeding the nulling circuit with a dynamic current 
corresponding to the compensation capacitor current in 
such a way as to cancel that portion of the input signal due 
to a finite AC gain. The intermodulation and gain/phase 
disturbances are held to very low values, and can generally 
be ignored. 



Figure 1 TC7650 Contains a Nulling and Main Amplifier. Offset Correction Voltages Are Stored on Two External Capacitors. 
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Nulling Capacitor Connection 

The offset voltage correction capacitors are connected 
to Ca and Cb- The common capacitor connection is made to 
Vs" (pin 4) on the 8-pin packages and to capacitor return 
(Cr, pin 8) on the 14-pin packages. The common connection 
should be made through either a separate PC trace or wire, 
to avoid voltage drops. The capacitors outside foil, if pos¬ 
sible, should be connected to Cr or Vs" 

Clock Operation 

The internal oscillator is set for a 200 Hz nominal 
chopping frequency on both the 8- and 14-pin DIPs. With the 
14-pln DIPT C7650, the 200 Hz Internal chopping frequency 
Is available at the internal clock output (pin 12). A 400 Hz 
nominal signal w ill be present at the external clock input pin 
(pin 13) with INT/EXT high or open. This is the internal clock 
signal before a divide-by-two operation. 

The 14-pi n DIP device can be driven by an external 
clock. The INT/EXT Input (pin 14) has an internal pull-up and 
may be left open f or int ernal clock operation. If an external 
clock is used, INT/EXT must be tied to Vs" (pin 7) to disable 
the internal clock. The external clock signal is applied to the 
external clock input (pin 13). 

The external clock amplitude should swing between Vs^ 
and ground for power supplies up to ±6V and between 
and V+ -6V for higher supply voltages. 

At low frequencies the external clock duty cycle is not 
critical, since an internal divide-by-two gives the desired 
50% switching duty cycle. The offset storage correction 
capacitors are charged only when the external clock input is 
high. A 50% to 80% external clock positive duty cycle is 
desired for frequencies above 500 Hz to guarantee tran¬ 
sients settle before the Internal switches open. 


The external clock Input can also be used as a strobe 
Input. If a strobe signal is connected at the external clock 
Input so that it is low during the time an overload signal is 
applied, neither capacitor will be charged. The leakage 
currents at the capacitors pins are very low. At 25°C a typical 
TC7650 will drift less than 10 pV/sec. 

Output Clamp 

Chopper-Stabilized systems can show long recovery 
times from overloads. If the output is driven to either supply 
rail, output saturation occurs. The inputs are no longer held 
at a "virtual ground." The Vos null circuit treats the differen¬ 
tial signal as an offset and tries to correct it by charging the 
external capacitors. The nulling circuit also saturates. Once 
the input signal returns to normal, the response time Is 
lengthened by the long recovery time of the nulling amplifier 
and external capacitors. 

Through an external clamp connection, the TC7650 
eliminates the overload recovery problem by reducing the 
feedback network gain before the output voltage reaches 
either supply rail. 


? INTERNAL 

POSITIVE CLAMP BIAS « V -Vj« V -0.7V 


P-CHANNEL 



OUTPUT 
CLAMP PIN 


J - N-CHANNEL 
INTERNAL 

NEGATIVE CLAMP BIAS « V 
« V 


+ Vt 
+ 0.7V 


■O TC7650 
OUTPUT PIN 

4349 ILL F05 


Figure 3 Internal Clamp Circuit 



Figure 4 Noninverting Amplifier With Optional Clamp 
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Figure 5 Inverting Amplifier With Optional Clamp 


The output clamp circuit is shown in Figures, with typical 
inverting and noninverting circuit connections shown in 
Figures 4 and 5. Output voltage versus clamp circuit current 
characteristics are shown in the typical operating curves. 
For the clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 kQ. 

Static Protection 

All device pins are static-protected. Strong static fields 
and discharges should be avoided, however, as they can 
degrade diode junction characteristics and increase input- 
leakage currents. 

Many companies are actively Involved in providing 
services, educational material, and supplies to aid elec¬ 
tronic manufacturers in establishing "static safe" work ar¬ 
eas where CMOS components are handled. A partial com¬ 
pany listing Is: 

• 3M 

Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 

• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 

• American Converters 
1919 South Butlerfield Road 
Mundelein, IL 60060 

(312) 362-9000 

• ACL 

1960 East Devon Avenue 
Elk Grove Village, IL 60007 
(312) 981-9212 


Latch-Up Avoidance 

Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteris¬ 
tics similar to an SCR. Under certain circumstances this 
junction may be triggered into a low-impedance state, result¬ 
ing in excessive supply current. To avoid this condition, no 
voltage greater than 0.3V beyond the supply rails should be 
applied to any pin. In general, the amplifier supplies must be 
established either at the same time or before any input 
signals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 0.1 mA to avoid latch- 
up. 

Thermoelectric Potentials 

Precision DC measurements are ultimately limited by 
thermoelectric potentials developed in thermocouple junc¬ 
tions of dissimilar metals, alloys, silicon, etc. Unless all 
junctions are at the same temperature, thermoelectric volt¬ 
ages, typically around 0.1 |liV/°C, but up to tens of p.V/°C for 
some materials, will be generated. In order to realize the 
benefits extremely-low offset voltages provide, it is essential 
to take special precautions to avoid temperature gradients. 
All components should be enclosed to eliminate air move¬ 
ment, especially those caused by power-dissipating ele¬ 
ments in the system. Low thermoelectric-coefficient con¬ 
nections should be used where possible and power supply 
voltages and power dissipation should be kept to a mini¬ 
mum. High-impedance loads are preferable, and separation 
from surrounding heat-dissipating elements is advised. 

Pin Compatibility 

On the 8-pin mlni-DI P TC7650, the external null storage 
capacitors are connected to pins 1 and 8. On most other 
operational amplifiers these are left open or are used for 
offset potentiometer or compensation capacitor connec¬ 
tions. 

For OP05 and OP07 operational amplifiers, the replace¬ 
ment of the offset null potentiometer between pins 1 and 8 
by two capacitors from the pins to Vs" will convert the OP05/ 
07 pin configurations for TC7650 operation. For LM108 
devices, the compensation capacitor is replaced by the 
external nulling capacitors. The LM101/748/709 pinouts are 
modified similarly by removing any circuit connections to pin 
5. On the TC7650, pin 5 is the output clamp connection. 
Other operational amplifiers may use this pin as an offst or 
compensation point. 

The minor modifications needed to retrofit a TC7650 
into existing sockets operating at reduced power supply 
voltages make prototyping and circuit verification straight¬ 
forward. 
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Inverting Amplifier 

Ri R2 



Noninverting Amplifier 
R2 



NOTE: Ro = ■ 


Ri Ro 


IMPEDANCE FOR 
OPTIMUM GUARDING. 


Follower 



LARGE SOURCE RESISTANCES, 
OR FOR CLAMP OPERATION. 


OUTPUT 


4349 ILL FOB 


Figure 6 Input Guard Connection 


Input Guarding 


High impedance, low leakage CMOS inputs allow the 
TC7650to make measurements of high-impedance sources. 
Stray leakage paths can increase input currents and de¬ 
crease input resistance unless inputs are guarded. A guard 
is a conductive PC trace surrounding the input terminals. 
The ring connects to a low-impedance point at the same 
potential as the inputs. Stray leakages are absorbed by the 
low-impedance ring. The equal potential between ring and 
inputs prevents input leakage currents. Typical guard con¬ 
nections are shown in Figure 6. 

The 14-pin DIP configuration has been specifically 
designed to ease input guarding. The pins adjacent to the 
inputs are unused. 

In applications requiring low leakage currents, boards 
should be cleaned thoroughly and blown dry after soldering. 
Protective coatings will prevent future board contamination. 

Component Selection 



The two required capacitors, Ca and Cb, have optimum 
values, depending on the clock or chopping frequency. For 
the preset internal clock, the correct value is 0.1 pF. To 
maintain the same relationship between the chopping fre¬ 
quency and the nulling time constant, the capacitor values 
should be scaled in proportion to the external clock, if used. 
High-quality film-type capacitors (such as Mylar) are pre¬ 
ferred; ceramic or other lower-grade capacitors may be 
suitable in some applications. For fast settling on initial turn¬ 
on, low dielectric absorption capacitors (such as polypro¬ 
pylene) should be used. With ceramic capacitors, several 
seconds may be required to settle to 1 pV. 
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TYPICAL CHARACTERISTIC CURVES 

1 mA 
0.1 mA 
0.01 mA 
1 )j.A 
0.1 ^A 
0.01 ^A 
1 nA 
0.1 nA 
0.01 nA 
1 pA 

4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5.0 - 4 . 0 - 4 . 1 - 4.2 - 4 . 3 - 4 . 4 - 4 . 5 - 4 . 6 - 4 . 7 - 4 . 8 - 4 . 9 - 5.0 

OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) 


Positive Clamp Current Negative Clamp Current 

VS Output Voltage vs Output Voltage 



Supply Current vs 

Supply Voltage Gain/Phase vs Frequency 

225 
180 
135 
90 
45 
0 

-45 
-90 
-135 
-180 

*5 6 7 8 9 10 11 12 13 14 15 Ik 10k 100k 1M 10M 

SUPPLY VOLTAGE (V) FREQUENCY (Hz) 4349 ill fio 
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TC7652* 


LOW NOISE, CHOPPER-STABILIZED OPERATIONAL AMPLIFIER 


FEATURES 

■ Low Offset Over Temperature Range.10 pV 


■ Ultra-Low Long-Term Drift.150 nV/Month 

■ Low Temperature Drift.100 nV/°C 

■ Low DC Input Bias Current.15 pA 

■ High Gain, CMRR and PSRR.110 dB Min 

■ Low Input Noise Voltage.0.2 )iVp.p; DC to 1 Hz 


■ Internally-Compensated for Utility-Gain Operation 

■ Clamp Circuit for Fast Overload Recovery 


GENERAL DESCRIPTION 

The TC7652 low noise, chopper-stabilized operational 
amplifier improves noise performance and provides a wider 
common-mode input voltage range. It offers low-input off¬ 
set voltage and time/temperature stability, with reduced 
bandwidth and slew rate. CMOS circuitry eliminates most 
chopping spikes intermodulation effects and overrange 
lockup problems. 

The TC7652 compares Inverting and noninverting Input 
voltages In an amplifier nulled by alternate clock phases. 
Two external capacitors store the correcting potentials on 
two amplifier-nulling inputs. All control circuitry, including the 
clock oscillator, is self-contained. The TC7652 is internally- 
compensated for unity-gain operation. If required, the 14-pin 
version can use an external clock. 

The functional diagram shows the main components of 
the TC7652. The main and nulling amplifiers have offset- 
null capability. The main amp is continuously connected 


FUNCTIONAL DIAGRAM 


^ 4 ^ 

TC7652 


OUTPUT CLAMP 
(NOT ON "Z" PINOUT) 


INPUTS 



NOTE: 1 . For 8 -pin DIP connect to V 3 , or to on "Z" pinout. 


1085-1 
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from input to output. Controlled by the chopping-frequency 
oscillator and clock circuit, the nulling amp alternately nulls 
itself and the main amp. The nulling connections (MOSFET 
gates) are high impedance. Two external capacitors pro¬ 
vide nulling potential storage and nulling loop-time con¬ 
straints. Nulling operates over the full common-mode and 
power supply ranges. Independent of the output level, this 
arrangement gives exceptionally high CMRR, PSRR, and 
Avol- 

The Input switches are closely matched to reduce 
chopper frequency charge injection at the input terminals. 
The main cause of output spikes In this type circuit (feed- 
forward-type injection into the compensation capacitor) is 
minimized. 

Other chopper-stabilized amplifiers experience inter¬ 
modulation effects between chopper frequency and input 
signals. The finite AC gain of the amplifier requires a small 
AC signal at the Input. The zeroing circuit sees this as an 
error signal, which it chops and feeds back. The circuit also 
injects sum-and-difference frequencies and causes gain 
and phase/frequency characteristics disturbances near the 
chopping frequency. 

The TC7652 reduces these intermodulation effects by 
feeding the nulling circuit a dynamic current that corre¬ 
sponds to the compensation capacitor current and cancels 
the portion of the input signal from finite AC gain. In this way, 
the major cause of TC7652 error is minimized. The gain and 
phase disturbances are held to such low values that they can 
usually be Ignored. 

ABSOLUTE MAXIMUM RATINGS 


Total Supply Voltage (Vs^ to Vs").+18V 

Input Voltage.(Vs'^+0.3V) to (Vs"-0.3V) 

Voltage on Oscillator Control Pins.Vs^ to Vs" 

Duration of Output Short Circuit.Indefinite 

Current Into Any Pin.10 mA 

While Operating (Note 4).100 pA 

Continuous Total Power Dissipation (Ta = 25°C) 

CerDIP.500 mW 

Plastic DIP.375 mW 

Storage Temperature Range.-65°C to +150°C 

Operating Temperature Range 

C Device.0°C to +70°C 

I Device.-25°C to +85°C 

Lead Temperature (Soldering, 10 sec).+300°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


PIN CONFIGURATIONS 



• 

UCb 

-INPUT |T 


II 

+input[^ 

TC7652 

T} OUTPUT 

Vs[l 


T] CLAMP 

CaE 

• 

11 Cb 

-INPUT [T 


I]vS 

+input|T 

TC7652Z 

T] OUTPUT 

Vs[T 


3 Cret 

^b[i 

• 

INT/E^ 

^aH 


T^extclk 

151 IN 

nc[T 


iH™ 

-INPUT [T 

TC7652 


+INPUT [T 


OUTPUT 

nc|T 


OUTPUT 
-LI CLAMP 

viE 


3 ^RET 


NC = NO INTERNAL CONNECTION 

(MAY BE USED AS INPUT GUARD) 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

TC7652CPA 

8-Pin Plastic DIP 

O^C to +70°C 

TC7652ZCPA 

8-Pin Plastic DIP 

0°C to +70°C 

TC7652IJA 

8-Pin CerDIP 

-ZS^C to +85°C 

TC7652CPD 

14-Pin Plastic DIP 

0“C to +70‘'C 

TC7652IJD 

14-Pin CerDIP 

-25°C to +85°C 

TC7652MJA 

8-Pin CerDIP 

-55°Cto+125°C 

TC7652MJD 

14-Pin CerDIP 

-55°C to -»-125°C 

TC7652ZMJA 

8-Pin CerDIP 

-55°C to +^25°C 

TC7652ZIJA 

8-Pin CerDIP 

-25»C to +85°C 
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ELECTRICAL CHARACTERISTICS: Vs'*' = +5V, Vs = -5V, Ta = +25°C, unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Vos 

Input Offset Voltage 

Ta = -»-25‘^C 


±2 

±5 

fV 



Over Operating Temperature Range 


±10 





(Notel) 





TCVos 

Average Temperature 

Operating Temperature Range 


0.01 

0.05 

^v/°c 


Coefficient of Input 

(Notel) 






Offset Voltage 






Vqs/AT 

Offset Voltage vs Time 



150 


nV/mo 

Ibias 

Input Bias Current 

Ta = +25''C 


30 

100 

pA 


(CLK On) 

O^’C < Ta < +70°C 


100 


pA 



-25°C < Ta < -i-85°C 


250 

1000 

pA 

•bias 

Input Bias Current 

Ta = +25^*0 


15 

30 

pA 


(CLK Off) 

0°C < Ta < +70°C 


35 


pA 



-25®C < Ta < +85°C 


100 


pA 

los 

Input Offset Current 

Ta = +25°C 


25 

150 

pA 

Rin 

Input Resistance 



10^2 


Q 

OL 

Large Signal Voltage 

RL=10kQ 

120 

150 


dB 


Gain 

VouT = ±4V 





VoUT 

Output Voltage Swing 

RL=10l<n 

±4.7 

±4.85 


V 


(Note 3) 

RL=100kO 


±4.95 


V 

CMVR 

Common-Mode 


-4.3 


-1-3.5 

V 


Voltage Range 






MRR 

Common-Mode 

CMVR =-4.3V to+3.5V 

120 

140 


dB 


Rejection Ratio 






PSRR 

Power Supply 

±3V to ±8V 

120 

140 


dB 


Rejection Ratio 






©N 

Input Noise Voltage 

Rs = 100Q, DC to 1 Hz 


0.2 

1.5 

jO-Vp.p 



DC to 10 Hz 


0.7 

5 

pVp.p 

In 

Input Noise Current 

f= 10 Hz 


0.01 


pA/VHz 

GBW 

Unity-Gain Bandwidth 



0.4 


MHz 

SR 

Slew Rate 

Cl = 50pF, Rl= 10 kQ 


1 


V/^s 

Overshoot 


15 


% 

Vs^ Vs- 

Operating Supply Range 


5 


16 

V 

Is 

Supply Current 

No Load 


1 

3 

mA 

fCH 

Internal Chopping 

Pins 12-14 Open (DIP) 

100 

275 


Hz 


Frequency 







Clamp ON Current 

RL=100ka 

25 

100 


pA 


(Note 2) 







Clamp OFF Current 

—4V ^ VouT < +10V 


1 


pA 


(Note 2) 







NOTES: 


1. -25°C to +85°C, or 0°C to +70°C. 

2. See "Output Clamp" under detailed description. 

3. Output clamp not connected. See typical characteristics curves for output swing versus clamp current characteristics. 

4. Limiting input current to 100 pA is recommended to avoid latch-up problems. Typically, 1 mA is safe; however, this is not guaranteed. 
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Capacitor Connection 

Connect the null-storage capacitors to the Ca and Cb 
pins with a common connection to the Cret pin (14-pin 
TC7652 or 8-pin TC7652Z) or to Vs” (8-pin TC7652). When 
connecting to Vs", avoid injecting load current IR drops into 
the capacitive circuitry by making this connection directly via 
a separate wire or PC trace. 

Output Clamp 

In chopper-stabilized amplifiers, the output clamp pin 
reduces overload recovery time. When a connection is 
made to the inverting input pin (summing junction), a current 
path is created between that point and the output pin, just 
before the device output saturates. This prevents uncon¬ 
trolled differential input voltages and charge buildup on 
correction-storage capacitors. Output swing is reduced. 

Clock 

The TC7652 has a 550 kHz internal oscillator, which is 
divided by two before clocking the input chopper switches. 
The 275 Hz chopping frequency is available at INT CLK OUT 
(pin 12) on 14-pin devices. In normal operation, INT/EXT 
(pin 14), which has an internal pull-up, can be left open. 

An external clock can also be used. T o dis able the 
internal clock and use an external one, the INT/EXT pin must 
be tied to Vs“ The external clock signal is then applied to 
the EXT CLK IN input (pin 13). An internal divide-by-two 
provides a 50% switching duty cycle. The capacitors are 
only charged when EXT CLK IN is high, so a 50% to 80% 
positive duty cycle is recommended for higher clock fre¬ 
quencies. The external clock can swing between and 
Vs“, with the logic threshold about 2.5V below Vs"^. 

The output of the internal oscillator, before th e div ide-by- 
two circuit, is available at EXT CLK IN when INT/EXT is high 
or unconnected. This output can serve as the clock input for 
a second TC7652 (operating in a master/slave mode), so that 
both op amps will clock at the same frequency. This prevents 
clock intermodulation effects when two TC7652's are used in 
a differential amplifier configuration. 


TEST CIRCUIT 



If the TC7652's output saturates, error voltages on the 
external capacitors will slow overload recovery. This condi¬ 
tion can be avoided if a strobe signal Is available. The strobe 
signal Is applied to EXT CLK IN and the overload signal is 
applied to the amplifier while the strobe is low. In this case, 
neither capacitor will be charged. The low leakage of the 
capacitor pins allow long measurements to be made with 
negligible errors (typical capacitor drift is 10 pV/sec). 

APPLICATION NOTES 
Component Selection 

Ca and Cb (external capacitors) should be in the 0.1 
to 1 pF range. For minimum clock ripple noise, use a 1 pF 
capacitor in broad bandwidth circuits. For limited bandwidth 
applications where clock ripple is filtered out, use a 0.1 |liF 
capacitor for slightly lower offset voltage. High-quality film- 
type capacitors (polyester or polypropylene) are recom¬ 
mended, although a lower grade (ceramic) may work in some 
applications. For quickest settling after initial turn-on, use low 
dielectric absorption capacitors (e.g., polypropylene). With 
ceramic capacitors, settling to 1 pV takes several seconds. 

Static Protection Although Input diodes static protect all 
device pins, avoid strong static fields and discharges that 
can cause degraded diode junction characteristics and 
produce Increased Input-leakage currents. 

Latch-Up 

Junction-isolated CMOS circuits have a 4-iayer(p-n- 
p-n) structure similar to an SCR. Sometimes this junction 
can be triggered into a low-impedance state and produce 
excessive supply current. Therefore, avoid applying voltage 
greater than 0.3V beyond the supply rails to any pin. Estab¬ 
lish the amplifier supplies at the same time or before any 
input signals are applied. If this is not possible, drive circuits 
must limit input current flow to under 1 mA to avoid latch-up, 
even under fault conditions. 

Output Stage/Load Driving 

The output circuit is high impedance (about 18 kW). 
With lesser loads, the chopper amplifier behaves somewhat 
like a transconductance amplifier with an open-loop gain 
proportional to load resistance. (For example, the open-loop 
gain is 17 dB lower with a 1 kW load than with a 10 kW load.) 
If the amp is used only for DC, the DC gain is typically greater 
than 120 dB (even with a 1 kW load), and this lower gain is 
Inconsequential. For wideband, the best frequency response 
occurs with a load resistor of at least 10 kW. This produces 
a 6 dB/octave response from 0.1 Hz to 2 MHz, with phase 
shifts of less than 2 degrees in the transition region, where 
the main amplifier takes over from the null amplifier. 
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CONNECTION OF INPUT GUARDS _ 

Inverting Amplifier Follower 




Noninverting Amplifier 
R2 



Thermoelectric Effects 

The thermoelectric (Peltier) effects in thermocouple 
junctions of dissimilar metals, alloys, silicon, etc. limit ultra- 
high-precision DC amplifiers. Unless all junctions are at the 
same temperature, thermoelectric voltages around 0.1 pV/ 
°C (up to tens of pV/°C for some materials) are generated. 
To realize the low offset voltages of the chopper, avoid 
temperature gradients. Enclose components to eliminate air 
movement, especially from power-dissipating elements in 
the system. Where possible, use low thermoelectric-coeffi¬ 
cient connections. Keep power supply voltages and power 
dissipation to a minimum. Use high-impedance loads and 
seek maximum separation from surrounding heat-dissipat¬ 
ing elements. 

Guarding 

To benefit from TC7652 low-input currents, take care 
assembling printed circuit boards. Clean boards with alcohol 
or TCE, and blow dry with compressed air. To prevent 
contamination, coat boards with epoxy or silicone rubber. 

Even if boards are cleaned and coated, leakage cur¬ 
rents may occur because input pins are next to pins at supply 
potentials. To reduce this leakage, use guarding to lower the 
voltage difference between the inputs and adjacent metal 
runs. The guard (a conductive ring surrounding inputs) is 


connected to a low-impedance point at about the same 
voltage as inputs. Then the guard absorbs leakage currents 
from high-voltage pins. 

The 14-pin dual-in-line arrangement simplifies guard¬ 
ing. Like the LM108 pin configuration (but unlike the 101A 
and 741), pins next to inputs are not used. 

Pin Compatibility 

Where possible, the 8-pin device basic pinout conforms 
to such industry standards as the LM101 and LM741. Null¬ 
storing external capacitors connect to pins 1 and 8, which 
are usually for offset-null or compensation capacitors. Output 
clamp (pin 5) is similarly used. For OP05 and OP07 devices, 
replacement of the offset-null potentiometer (connected 
between pins 1 and 8 and by two capacitors from those 
pins to Vs“) provides compatibility. Replacing the 
compensation capacitor between pins 1 and 8 by two 
capacitors to Vs" is required. The same operation (with the 
removal of any connection to pin 5) works for LM101, 
pA748, and similar parts. 

Because NC pins provide guarding between input and 
other pins, the 14-pin device pinout conforms closely to the 
LM108. Because this device does not use any extra pins and 
does not provide offset-nulling (but requires a compensation 
capacitor), some layout changes are necessary to convert to 
the TC7652. 
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Some Applications 

Figures 1 and 2 show basic inverting and noninverting 
amplifiercircuits using the output clamping circuitto enhance 
overload recovery performance. The only limitations on 
replacing other op amps with the TC7652 are supply voltage 
(±8V maximum) and output drive capability (10 kn load for 
full swing). Overcome these limitations with a booster circuit 
(Figure 3) to combine output capabilities of the LM741 (or 
other standard device) with input capabilities of the TC7652. 
These two form a composite device; therefore, when adding 
the feedback network, monitor loop gain stability. 



Figure 1 Noninverting Amplifier With Optional Clamp 




Figure 3 Using 741 to Boost Output Drive Capability 


Figure 4 shows the clamp circuit of a zero-offset com¬ 
parator. Because the clamp circuit requires the inverting 
input to follow the input signal, problems with a chopper- 
stabilized op amp are avoided. The threshold input must 
tolerate the output clamp current «Vin/R without disrupting 
other parts of the system. 

Figure 5 shows how the TC7652 can offset-null high 
slew rate and wideband amplifiers (such as Teledyne Com¬ 
ponents' 1437). 

Mixing the TC7652 with circuits operating at ±15V 
requires a lower supply voltage divider with the TC7660 
voltage converter circuit operated "backwards." Figure 6 
shows an approximate connection. 



Figure 4 Low Offset Comparator 



Figure 5 1437 Offset-Nulled by TC7652 



Figure 6 Splitting +15V With the 7660 at >95% Efficiency 
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BONDING DIAGRAM 
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HIGH-VOLTAGE, AUTO-ZEROED OPERATIONAL AMPLIFIERS 


FEATURES 


■ High-Voltage Operation.±15V 

■ Low Offset Voltage.5 }iV Max 

■ Low Offset Voltage Drift...0.1 ^iV/X 

■ Low Input Bias Current.30 pA Max 

■ High Open-Loop Voltage Gain.140 dB 

■ Wide Common-Mode Voltage 

Range.-15V to +13V 

■ Low Input Voltage Noise 

(0.1 Hztol Hz)...0.2^Vp.p 

■ Low Supply Current.1mA 

■ Single Supply Operation.7V to 32V 


■ Output Clamp Speeds Overload Recovery Time 


GENERAL DESCRIPTION 

The TC9420 and TC9421 are high-voltage, high- 
performance, CMOS chopper-stabilized operational ampli¬ 
fiers. They can operate from the same ±15V power sup¬ 
plies as commonly used to power bipolar op-amps, such as 
the OP07 and OP741. Previous CMOS chopper amplifiers, 
such as the 7650, were limited to operating from ±7.5V 
supplies. 

Maximum Vos for the TC9420/TC9421 is only 5 pV, 
almost a factor of 14 improvement over the industry-stan¬ 
dard OP07E. The maximum Vos drift of 0.1 pV/°C is 12 
times less than the OP07E. Input bias and offset currents, 
both only 30 pA maximum, are factors of 60 improvements. 


FUNCTIONAL DIAGRAM 



1107-1 
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In addition to low initial offset errors, the nulling circuitry 
ensures excellent performance over time and temperature. 
Long-term drift, which results in periodic recalibration. Is 
effectively eliminated. The nulling circuitry continues to oper¬ 
ate over the full temperature range, whereas laser and “zener 
zap" trimming are only done at a single temperature. The 
result is a significant decrease in temperature-induced errors. 

The TC9420/TC9421 operate from dual or single power 
supplies. Supply current is typically 1 mA with ±15V supplies. 
Single supply operation extends from +7\l to -f 32V, and the 
Input common-mode range extends to Vs". For battery op¬ 
eration, see the low-power TC900 data sheet. 

The TC9420/TC9421 open-loop gain is 120 dB mini¬ 
mum. Unlike the 7650, the TC9420/TC9421 gain Is inde¬ 
pendent of load resistance. The low impedance output will 
drive a lOkQ load to ±14V. An output clamp circuit is 
provided to minimize overload recovery time. 

The TC9420/TC9421 use two amplifiers to correct off¬ 
set voltage errors. A main amplifier is always in the signal 
path, which prevents switching spikes at the output. A 
separate nulling amplifier alternately corrects its own Vos 
error. Only two external capacitors are required to store the 
nulling error voltages. All active nulling circuitry. Including 
switches and oscillator, are included on the chip. 

The TC9420/TC9421 are pin compatible with Maxim's 
MAX 420/421. 


PIN CONFIGURATIONS 





CaH 

• 

8]Cb 

(-) INPUT |Y 


I]vJ 

(+) INPUT [F 

TC9420 

T] OUTPUT 

Vs [I 


1] ^RET 




Cb[1 


^ INT/EXT 

CaU 


EXTERNAL CLOCK 

IfJ INPUT 

NC (GUARD) [T 


7^ INTERNAL CLOCK 

111 OUTPUT 

(-) INPUT [T 

TC9421 

Ev^ 

(+) INPUT |T 


^ OUTPUT 

NC (GUARD) [T 


T] OUTPUT CLAMP 

viE 


Hcret 

NC = NO INTERNAL CONNECTION 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

Max 

Vos 

TC9420CPA 

8-Pin 

Plastic DIP 

0®C to +70‘’C 

10^lV 

TC9420EJA 

8-Pin 

CerDIP 

-40‘*C to +85‘’C 

S^iV 

TC9420EPA 

8-Pin 

Plastic DIP 

-40°C to +QS^C 

5>V 

TC9421CPD 

14-Pin 

Plastic DIP 

0°C to +70°C 

lOliV 

TC9421EJD 

14-Pin 

CerDIP 

-40°C to +85°C 

5)liV 

TC9421EPD 

14-Pin 

Plastic DIP 

-40°C to +Q5°C 

5|4V 


ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (Vs"^ to Vs").+36V 

Input Voltage.(Vs"^ + 0.3V) to (Vs" - 0.3V) 

Storage Temperature Range.-65°C to +150°C 

Lead Temperature (Soldering, 10 sec). -f300°C 

Current Into Any Pin.10 mA 

Operating Temperature Range 

C Device.0°Cto +70°C 

E Device.--40°C to -h85°C 

Package Power Dissipation (Ta = +25®C) 

CerDIP Package..500 mW 

Plastic Package.375 mW 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 
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ELECTRICAL CHARACTERISTICS: Vs"^ = 15V, Vs" = 15V, Ta = +25°C. Test circuit unless noted. 


Symbol 

Parameter 

Test Conditions 

- 1 

Min 

Typ 

Max 

Unit 

Vos 

Input Offset Voltage 

Ta = +25°C 

c 


±1 

±10 

pV 




E 


±1 

±5 

pV 



Over Temperature Range 

C 


±2 

±20 

pV 




E 


±2 

±10 

pV 

AVos 

Average Temperature 

Over Temperature Range 

E 


0.02 

0.1 

pV/°C 

AT 

Coefficient of Input 








Offset Voltage 







Ib 

Input Bias Current 

Ta = +25°C 

C 


10 

100 

pA 




E 


10 

30 

pA 



Over Temperature Range 

C 


30 


pA 




E 


35 


pA 

los 

Input Offset Current 

Ta = +25°C 

C 


15 

200 

pA 




E 


15 

60 

pA 



Over Temperature Range 

C 


30 


pA 




E 


50 


pA 

Rin 

Input Resistance 




10^2 


a 

Avol 

Large Signal Voltage 

Rl = 10 ka, VouT = ±1 OV, Ta = +25X i 

120 

150 


dB 


Gain 

Over Temperature Range 


120 

150 


dB 

VoUT 

Output Voltage Swing 

CLAMP Not Connected 

RL=10ka 

±12 

±14.5 


V 




RL=100kQ 


±14.95 


V 

CMVR 

Common-Mode 



-1-12, -15 

+13,-15.1 


V 


Voltage Range 







CMRR 

Common-Mode 

CMVR = +12Vto -15V 


120 

140 


dB 


Rejection Ratio 

Over Temperature Range 






PSRR 

Power Supply 

±3V to ±16.5V Over 


120 

140 


dB 


Rejection Ratio 

Temperature Range 






©N 

Input Noise Voltage 

Rs= icon 

DC to 1 Hz 


0.3 


pVp.p 


(Peak-to-Peak Value Not 


DCtolOHz 


1.1 


pVp.p 


Exceeded 95% of Time) 







In 

Input Noise Current 

N 

X 

o 

II 



0.01 


pA/^/H2 

UGBW 

Unity-Gain Bandwidth 




500 


kHz 

sr 

Slew Rate 

C|_ = 50 pF, Rl = 10 kQ 



0.5 


V/ps 

tR 

Rise Time 




0.7 


ps 

Overshoot 


20 


% 

Vs^ Vs" 

Operating Supply Range 



±2.5 


±16,5 

V 


(Note 1) 







Is 

Supply Current 

No Load, Ta = +25®C 



1.3 

2 

mA 



Over Temperature Range 




3.5 

mA 

fCH 

Internal Chopping 

Pins 12-1 4 Open (TC9421) 


250 


Hz 


Frequency 








Clamp ON Current 

Rl= 100 kn 


25 

100 


pA 


Clamp OFF Current 

—1 OV VouT ^ +1 OV 



1 


pA 

Offset Voltage vs Time 


100 


nV/VMo 


NOTES: 1. Single supply operation: Vs"*^ = +7V to +32V. 
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HIGH-VOLTAGE, AUTO-ZEROED 
OPERATIONAL AMPLIFIERS 


TC9420 

TC9421 


Theory of Operation 

Figure 1 shows the major elements of the TC9420/ 
TC9421. There are two amplifiers; the main (signal) ampli¬ 
fier and the nulling amplifier. Both have offset nulling capa¬ 
bility. The main amplifier is always connected to the output. 
The nulling amplifier alternately samples and adjusts its own 
offset and then the offset of the main amplifier. 

A two-phase operation nulls the main amplifier. During 
the first phase, the A pair of switches close, while the B 
switches open. Then nulling amp's inputs are shorted and its 
output is fed back to the nulling input. Capacitor Ca charges 
to a voltage which will maintain the nulling amp in its nulled 
state. 

During the second phase, the B switches close and the 
A switches open. The nulling amp's inputs now sample the 
offset voltage of the main amp. The nulling amp drives the 
main amp's nulling Input to cancel the main amplifier's offset 
voltage. Capacitor Cb stores the nulling voltage of the main 
amplifier while the nulling amp is being nulled on the next 
cycle. 

The TC9420/TC9421 design also incorporates an addi¬ 
tional output buffer stage. The buffer provides a low Imped¬ 
ance output traditionally associated with bipolar op amps. 
Some CMOS chopper-stabilized amplifiers, such as the 
7650, have a high output impedance which makes open-loop 
gain proportional to load resistance. The TC9420/TC9421 
open-loop gain is not dependent on load resistance. 

Pin Compatibility 

Since the TC9420/9421 operate from the same ±15V 
power supplies as bipolar op amps, upgrading existing 


circuits is simple. The bipolar op amp's nulling and compen¬ 
sation components are removed, and the TC9420/TC9421 
nulling capacitors are added. 

On the 8-pin mini-DIP (TC9420), the external null stor¬ 
age capacitors are connected to pins 1 and 8. On most other 
op amps they are left open or used for offset potentiometer 
or compensation capacitor connections. 

For OP05 and OP07 operational amplifiers, replacing 
the offset null pot between pins 1 and 8 with two capacitors 
from the pins to Cret will convert the OP05/07 pin con¬ 
figuration for TC9420 operation. The 741 is easily up¬ 
graded by removing the nulling pot between pin 4 and pins 
1 and 5, then connecting capacitors from pin 4 to pins 1 
and 8. For LM108 devices, the compensation capacitor is 
replaced by the external nulling capacitors. The LM101/ 
748/709 pinouts are modified similarly by also removing 
any circuit connections to pin 5. 

The minor modifications needed to retrofit a TC9420 
into existing sockets make prototyping and circuit verifica¬ 
tion straightforward. 

Nulling Capacitors 

The offset voltage correction capacitors are connected 
to Ca and Cb- The common capacitor connection is made to 
Cret (pin 5) on the 8-pin packages and to capacitor return 
(Cret, pin 8) on the 14-pin packages. The common con¬ 
nection should be made through either a separate pc trace 
or wire to avoid voltage drops. 

Internally, Vs“ is connected to Cret- 

Ca and Cb should be 0.1 pF film capacitors. Mylar 
capacitors are suitable. 



Figure 1. TC9420/TC9421 Contain a Nulling and Main Amplifier. Offset Correction Voltages Are Stored on Two External Capacitors. 
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Vs Vi 

o O 

v| 

^ 4 
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5 

TC9421 ^|<^^ 

^ TC9420^^^|4 


8 




L) / 1 / 


in Wr: 



o 

> 

o 

03 

o 

> 

O 

03 

14-PIN PACKAGE 

8-PIN PACKAGE 

(PIN 8 IS INTERNALLY 
CONNECTED TO PIN 7) 



Figure 2. Nulling Capacitor Connection 


Component Selection 

The two required capacitors, Ca and Cb, have optinnum 
values, depending on the clock or chopping frequency. For 
the preset internal clock, the correct value Is 0.1 pF. To 
maintain the same relationship between the chopping 
frequency and nulling time constant, the capacitor values 
should be scaled in proportion to the external clock, if used. 
High-quality film-type capacitors (such as Mylar) are pre¬ 
ferred. Ceramic or other lower-grade capacitors may be 
suitable in some applications. Forfast settling on initial turn¬ 
on, low dielectric absorption capacitors (such as polypro¬ 
pylene) should be used. With ceramic capacitors, several 
seconds may be required to settle to 1 pV. 

Clock Operation 

The internal oscillator is set for a 1000 Hz nominal 
frequency on both the 8-pin and 14-pin Dl Ps. With the 14-pin 
DIP (TC9421), the 250-Hz internal frequency is available at 
the internal clock output (pin 12). A 1000 Hz nominal signal 
will b e present at the external clock input (pin 13) with I NT/ 
EXT high or open. This is the internal clock signal before a 
^4 operation. 

The 14-p in device can be driven by an external clock. 
The INT/EXT input (pin 14) has an internal pull-up and may 
be left open f or int ernal clock operation. If an external clock 
Is used, INT/EXT must be tied to Vs" (pin 7) to disable the 
internal clock. The external clock signal Is applied to the 
external clock input (pin 13). 

The external clock amplitude should swing between Vs"^ 
and ground for power supplies up to ±6V, and between Vs'^ 
and Vs^ -6V for higher supply voltages. When the external 


clock Is generated by -i-5V logic, capacitive coupling to pin 13 
(through a 0.1 pF capacitor) will provide adequate drive. 

At low frequencies, the external clock duty cycle is not 
critical, since an internal 4 gives the desired 50% switching 
duty cycle. The offset storage correction capacitors are 
charged only when the external clock input is high. A 50% to 
80% external clock positive duty cycle is desired for frequen¬ 
cies above 500 Hz to guarantee transients settle before the 
internal switches open. 

The external clock input can also be used as a strobe 
input. If a strobe signal is connected at the external clock 
input so that it is low during the time an overload signal is 
applied, neither capacitor will be charged. This function can 
be used to prevent input transients from overloading the 
nulling circuitry. Leakage currents at the capacitor pins are 
very low, so offset voltage drift during strobe operation is 
minimized. 

Output Clamp 

Chopper-stabilized systems can show long recovery 
times from overloads. If the output is driven to either supply 
rail, output saturation occurs. The inputs are no longer held 
at a 'Virtual ground." The Vos null circuit treats the differ¬ 
ential signal as an offset and tries to correct it by charging the 
external capacitors. The nulling circuit also saturates. Once 
the input signal returns to normal, response time is length¬ 
ened by the long recovery time of the nulling amplifier and 
external capacitors. 

Through an external clamp connection, the TC9421 
eliminates the overload recovery problem by reducing the 
feedback network gain before the output voltage reaches 
either supply rail. 

The output clamp circuit is shown in Figure 3, with 
typical inverting and noninverting circuit connections shown 
in Figures 4 and 5. For the clamp to be fully effective, the 
impedance across the clamp output should be >100 kQ. 

When the clamp is used, the clamp "OFF" leakage will 
add to Input bias current. However, clamp leakage in the 
"OFF" state is typically only 1 pA. 

Input Bias Current 

The TC9420/TC9421 are never disconnected from the 
main internal amplifier. The null amplifier samples the Input 
offset voltage and corrects DC errors and drift by storing 
compensating voltages on external capacitors. The sam¬ 
pling, however, causes charge transfer at the inputs. 

The impulse current is not usually a problem because 
the amount of charge transferred is very small. Care should 
be exercised, however, when replacing high-input bias 
current bipolar op amps. Conventional design practice is to 
cancel bias current by matching the input impedances 
(Figure 6a). The TC9420/TC9421 have input bias current of 
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O INTERNAL 

POSITIVE CLAMP BIAS - Vg -Vj - v| - 0.7V 
-P-CHANNEL 


O OUTPUT 
CLAMP PIN 


— N-CHANNEL 
INTERNAL 

NEGATIVE CLAMP BIAS "" Vg + Vj 
- Vg + 0.7V 

-O TC942(VTC9421 

OUTPUT PIN 


Figure 3. Internal Clamp Circuit 


only 100 pA maximum, so the additional resistor is not 
necessary. In fact, including the resistor makes the charge 
injection current, passing through the impedance-balancing 
resistor, appear as a noise source. When replacing an 
existing op amp with the TC9420/TC9421, omit the resistor 
or bypass it to ground with a capacitor (Figure 6b). 

Latch-Up Avoidance 

Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteris¬ 
tics similar to an SCR. Under certain circumstances, this 
junction may be triggered into a low-impedance state, re¬ 
sulting In excessive supply current. To avoid this condition, 
voltages greater than 0.3V beyond the supply rails should 
not be applied to any pin. In general, the amplifier supplies 
must be established at the same time or before any input 
signals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 0.1 mA to avoid latch- 
up. 



Figure 4. Noninverting Amplifier With Optional Clamp 


Static Protection 

All device pins are static-protected. Strong static fields 
and discharges should be avoided, however, as they can 
degrade diode junction characteristics and Increase input- 
leakage currents. 

Many companies are actively involved in providing 
services, eductional materials, and supplies to aid electronic 
manufacturers in establishing "static safe" work areas where 
CMOS components are handled. A partial company listing 
is: 


•3M 

Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 


• Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 


Figure 5. Inverting Amplifier With Optional Clamp 
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(b) Low-Input Bias Current (TC9420) 


Figure 6. Input Bias Current Cancellation 
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COMPONENTS 


1321 


WIDEBAND, HIGH SLEW RATE 
OPERATIONAL AMPLIFIER 


FEATURES GENERAL DESCRIPTION 


■ Low Cost 

■ Fast Settling.0.1% in 1 |isec 

■ Slew Rate.35V/iJ.sec 

■ Full Power Bandwidth.600 kHz 

■ Open Loop Gain.100 dB 

■ Gain Bandwidth Product.100 MHz 


APPLICATIONS 

■ High-Frequency Amplifiers 

■ Current-to-Voltage Converters 

■ Video Amplifiers 

■ Differential Amplifiers 

■ Line Drivers 

■ Wideband Precision 


The 1321 is a bipolar input operational amplifier that 
combines high speed AC performance (35V/ps slew rate, 
100 MHz GBWP) with superior DC characteristics (300 MO 
Input impedance, ±5 nA input bias current, 100 dB gain). 
This combination of features makes It ideal for video and 
pulse amplifiers, fast integrators, high-Q active filters, and 
high-speed current-to-voltage converters. 

This device is internally compensated for stable opera¬ 
tion in circuits operating at closed loop gains of 5 or above. 
For operation at lower closed loop gains, an external com¬ 
pensation capacitor is required from Pin 8 to ground (or the 
alternate stabilizing scheme shown In Figure 1 may be 
used). 

The standard 1321 is housed in a small outline, metal 
TO-99 case and is specified for 0°C to +75°C operation. 


PIN CONFIGURATION 
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WIDEBAND, HIGH SLEW RATE 
OPERATIONAL AMPLIFIER 


1321 _ 

ABSOLUTE MAXIMUM RATINGS 


Vcc Supply Voltage.±22.5V 

V|df Differential Input Voltage.±12V 

Tc Operating Temperature Range (Case) 

1321 .0°Cto+75°C 

Tstg Storage Temperature Range.-65°C to +150°C 


ELECTRICAL CHARACTERISTICS: Tc = +25°C, ±Vcc = ±15V, Rl = 2 kll unless otherwise Indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 







lb 

Input Bias Current 


— 

±5 

±25 

nA 



Tmin to Tmax 

— 

— 

±40 

nA 

lOS 

Input Offset Current 


— 

±5 

±25 

nA 



Tmin to Tmax 

— 

— 

±40 

nA 

VOS 

Input Offset Voltage 

Without external trim 

— 

±3 

±5 

mV 

VOS TC 

VOS vs Temperature 


— 

±5 

— 

pV/°C 

PSRR 

Input Offset vs Power Supply 


— 

90 

— 

dB 

V|CM 

Common Mode 

For DC linear operation 

±11 

±12 

— 

V 

CMRR 

Common Mode Rejection Ratio 

@ DC 

— 

100 

— 

dB 

Z|D 

Differential Input Impedance 

@ DC 

— 

300 

— 

Mn 

Output 







VO 

Voltage 


±10 

±12 

— 

V 

lO 

Current 


±10 

±18 

— 

mA 

Voltage Gain 







AOL 

Open Loop Voltage Gain 

@ DC 

98 

104 

— 

dB 

ACL 

Closed Loop Gain 

Stable operation w/o compensation 

14 

— 

— 

dB 

Frequency Response 






GBWP 

Gain Bandwidth Product 

ACL = 10, Cc = 0pF. ft= 10 kHz 

70 

100 

— 

MHz 

FPBW 

Full Power Bandwidth 

ACL>5, Cc=0pF 

320 

600 

— 

kHz 

Time Response 






ts 

Settling Time 

. 






10V step to 0.1% 


— 

1 

— 

ps 

sr 

Slew Rate 

ACL>5, Cc=0pF 

±20 

±35 

— 

V/ps 

Noise (Referenced to Input) 






en 

Midband (fo = 10 Hz) 


— 

45 

— 

nV/VHz 


Highband (fo = 100 Hz) 


— 

25 

— 

nV/VHz 


Wideband (fo = 1 kHz to 100 kHz) 


— 

15 

— 

nV/VHz 

Power Supplies 






Vcc 

Power Supply Voltage 


— 

±15 

±22.5 

V 

Icc 

Quiescent Supply Current 

Vcc = ±15V 

— 

±3 

±4 

mA 


9-2 
















NOTES 



^^^^TELEDYNE 

COMPONENTS 

1322 


WIDEBAND, HIGH SLEW RATE 
OPERATIONAL AMPLIFIER 


FEATURES 


GENERAL DESCRIPTION 


■ Low Cost 

■ Fast Settling.0.1% in 200 ns typ. 

■ Slew Rate...120V/|isec 

■ Full Power Bandwidth.1.6 MHz 

■ Open Loop Gain.84 dB 

■ Gain Bandwidth Product.20 MHz 

APPLICATIONS 

■ High-Frequency Amplifiers 

■ Current-to-Voltage Converters 

■ Video Amplifiers 

■ Differential Amplifiers 

■ Line Drivers 

■ Wideband Precision 


The 1322 is a high-speed, fast-settling operational 
amplifier designed for a wide variety of high-speed signal 
processing tasks. Its fast, accurate settling performance 
(200 ns to 0.1% accuracy for a 10V step) and good DC 
specifications (84 dB open loop gain, 10 mV offset voltage) 
make the 1322 eminently suitable for high speed 8- and 10- 
bit data conversion applications. In addition, its high slew 
rate (120V/|j.s) serves it well in high-speed pulse circuits, 
signal generators, or other circuits where full output swings 
at signal frequencies as high as 1.6 MHz are required. 

This device is internally compensated for stable opera¬ 
tion In circuits operating at closed loop gains of 3 or above. 
For operation at lower closed loop gains, an external com¬ 
pensation capacitor is required from Pin 8 to ground (or the 
alternate stabilizing scheme shown in Figure 1 may be 
used). 

The standard 1322 is housed in a small outline, metal 
TO-99 case and is specified for 0°C to -f-75°C operation. 



PIN CONFIGURATION 
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WIDEBAND, HIGH SLEW RATE 
OPERATIONAL AMPLIFIER 


1322 _ 

ABSOLUTE MAXIMUM RATINGS 


Vcc Supply Voltage.±20V 

Vidf Differential Input Voltage.±15V 

Tc Operating Temperature Range (Case) 

1322.0®Cto+75°C 

Tstg Storage Temperature Range.-65®C to +150°C 


ELECTRICAL CHARACTERISTICS: Tc = +25®C, ±Vcc == ±15V, Rl = 2 kQ unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 







lb 

Input Bias Current 


— 

±125 

±250 

nA 



Tmin to Tmax 

— 

— 

±500 

nA 

lOS 

Input Offset Current 


— 

±20 

±50 

nA 



Tmin to Tmax 

— 

— 

±100 

nA 

VOS 

Input Offset Voltage 

Without external trim 

— 

±5 

±10 

mV 

VOS TC 

VOS vs Temperature 


— 

±30 

— 

pV/°C 

PSRR 

Input Offset vs Power Supply 


— 

90 

— 

dB 

V|CM 

Common Mode 

For DC linear operation 

±10 

— 

_ 

V 

CMRR 

Common Mode Rejection Ratio 

@ DC 

— 

90 

— 

dB 

Z|D 

Differential Input Impedance 

@ DC 

40 

100 

— 

MQ 

Output 







VO 

Voltage 


±10 

±12 

— 

V 

lO 

Current 


±10 

±20 

— 

mA 

Voltage Gain 







AOL 

Open Loop Voltage Gain 

@ DC 

77 

84 

— 

dB 

ACL 

Closed Loop Gain 

Stable operation w/o compensation 

10 

— 

— 

dB 

Frequency Response 






GBWP 

Gain Bandwidth Product 

ACL = 10, f = 10 kHz 

10 

20 

— 

MHz 

FPBW 

Full Power Bandwidth 

ACL^3, Cc=0 

1.2 

1.6 

— 

MHz 

Time Response 






ts 

Settling Time 

10V step to 0.1% 

— 

200 

— 

ns 

sr 

Slew Rate 

ACL=3, Cc = 0 

±80 

±120 

— 

V/ps 

Noise (Referenced to Input) 






en 

Wideband (10 Hz to 1 kHz) 


— 

1 

— 

fVrms 

Power Supplies 






Vcc 

Power Supply Voltage 


— 

±15 

±20 

V 

Icc 

Quiescent Supply Current 

Vcc = ±15V 

— 

±4 

±6 

mA 
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1332 


HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 


FEATURES GENERAL DESCRIPTION 


■ Full Power Frequency.25 kHz 

■ ±Vcc Range.±40V 

■ Common Mode Range.±35V 

■ Slew Rate.±5V/|is 


APPLICATIONS 

■ Precision High Voltage Source 

■ Avionics, 48V Operation 

■ Process Control 


The 1332 bipolar amplifier provides solutions to prob¬ 
lems not solved with the typical 741. Specifications are 
optimized to provide such capabilities as low drift, high 
output voltage swing and high speed. 

This true differential operational amplifier is matched 
pin-for-pin with the standard 741 (including 10 KQ optional 
trim-pot connection). 

The 1332's smooth 6 dB/octave roll off provides stable 
operation at all values of gain, even when connected as a 
unity gain follower. 

The 1332 has a low initial offset voltage of 6 mV and is 
specified for 0°C to +75°C operation. 


PIN CONFIGURATION 
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HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 


1332 _ 

ABSOLUTE MAXIMUM RATINGS 


Vcc Supply Voltage.±40V 

Vidf Differential Input Voltage.±Vcc 

VicM Common Mode Input Voltage.±Vcc 

Tc Operating Temperature Range (Case) 

1332 .0°Cto +75°C 

Tstg Storage Temperature Range.-65°C to +150°C 


ELECTRICAL CHARACTERISTICS: Tc = +25°C, Vcc = ±40V, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

1b 

Initial Input Bias Current 

Without External Trim 

_ 

_ 

30 

nA 

IbATC 

Ib vs Temperature 


— 

— 

0.4 

nA/°C 

los 

Input Offset Current 


— 

— 

30 

nA 

Vos 

Input Offset VoltageWithout External Trim 

— 

±2 

±6 

mV 

Vos/TC 

Vos vs Temperature 


— 

±15 

±20 

pV/°C 

PSRR 

Input Offset vs Power Supply 

@ DC 

74 

90 

— 

dB 

V|CM 

Common-Mode Input Voltage 

DC Linear Operation 

— 

— 

±35 

V 

CMRR 

Common-Mode Rejection Ratio 

@ DC 

74 

100 

— 

dB 

Zidf 

Differential-Mode Input Impedance 


— 

200 

— 

MQ 

Z|CM 

Common-Mode Input Impedance 


— 

1000 

— 

MQ 

Output 

Vo 

Output Voltage 


±35 

_ 

_ 

V 

b 

Output Current 


±10 

±12 

— 

mA 

Voltage Gain 

Aol Open-Loop Voltage Gain 

Rl = Rated Load 

100 

106 

_ 

dB 

Frequency Response 

UGBW Unity Gain Bandwidth 

Open Loop 

— 

4 

_ 

MHz 

FPBW 

Full Power Bandwidth 

Sine Wave, 3 to 5% distortion 

— 

25 

— 

kHz 

Time Response 
sr Slew Rate 

_ 

±5 

_ 

V/ps 

Power Supplies 

Vcc Power Supply Voltage 

±10 

_ 

±40 

V 

be 

Quiescent Supply Current 

Quiescent 

— 

±3.2 

±4.5 

mA 


NOTE: The inputs are protected to ±Vcc- The output is protected against short circuit to ground. 
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HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 


1332 


The 1332, operating with a ±40V power supply, can 
drive ±35V into 2.7 kQ at 25 kHz (Figures 1 & 2). Under 
maximum load conditions, the output can be short circuited 
to common without danger, as the output is limited by a chip 
temperature sensing circuit. 

To decrease bandwidth, capacitance may be added 
between Pin 8 and common. The effect of this capacitance 
is shown in Figure 3. 


Single Supply Operation 

Figure 4 shows a 1332 operating as an inverter from a 
single supply. This will allow a 1332 to operate from a 48V 
aircraft or vessel power. 



Figure 1. Output Voltage Swing vs Frequency at 25°C 




Figure 3. Gain vs Frequency vs Bandwidth Control Pin Capacity 



Figure 4. Single Supply Operation 
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NOTES 



^^^^TELEDYNE 

COMPONENTS 


1344 


MONOLITHIC 
WIDEBAND, JFET INPUT 
OPERATIONAL AMPLIFIER 


FEATURES 


■ Monolithic Construction 

■ Offset Voltage.3mV Max 

■ Slew Rate.120V/jis 

■ Gain Bandwidth Product.100MHz 

■ Bias Current.50pA Max 


APPLICATIONS 

■ Pulse Amplifiers 

■ High Speed, Precision Integrators 

■ High Speed Track/Hold Amplifiers 

■ Video Amplifiers 


GENERAL DESCRIPTION 

The 1344 Precision, High Speed Monolithic Operational 
Amplifier offers significant improvements in features vs 
other devices of its type. Stable with closed loop gains > 10, 
the 1344 features 1 MHz full power bandwidth, 120V/|j,s slew 
rate and superior DC characteristics. It is ideal for high¬ 
speed data acquisition systems, precision pulse and video 
amplifiers and high speed buffers. Housed in an 8-pin TO- 
99 package, this device is specified for 0°C to -»-75°C 
temperature range. 


PIN CONFIGURATION 









MONOLITHIC 
WIDEBAND, JFET INPUT 
OPERATIONAL AMPLIFIER 


1344 _ 

ABSOLUTE MAXIMUM RATINGS 


Vcc Supply Voltage.+20V 

Vidf Differential Input Voltage.±Vcc 

Tc Operating Temperature Range (Case) 

.0°Cto+75°C 

Tstg Storage Temperature Range.-65°C to +150°C 

Pd Power Dissipation.675mW 


ELECTRICAL CHARACTERISTICS: Tc = +25°C, Vcc = ±15V, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 







Ib 

Input Bias Current 


— 

±20 

±50 

pA 



Tmin to Tmax 

— 

±5 

±10 

nA 

bs 

Input Offset Current 


— 

±2 

±10 

pA 



Tmin to Tmax 

— 

±2 

±5 

nA 

Vos 

Input Offset Voltage 

Without External Trim 

— 

±1 

±3 

mV 



Tmin to Tmax 

— 

±3 

±5 

mV 

VosTC 

Vos vs Temperature 


— 

±20 

— 

pV/°C 

PSRR 

Input Offset vs Power Supply 

@ DC (Note 1) 

74 

86 

— 

dB 

V|CM 

Common-Mode Input Voltage 

DC Linear Operation 

±10 

±11 

— 

V 

CMRR 

Common-Mode Rejection Ratio 

@ DC, VcM = it OV 

74 

80 

— 

dB 

Zidf 

Differential-Mode Input Impedance 

@ DC 

— 

10^2 

— 

Q 

Output 







Vo 

Output Voltage 

RL = 2ka 

±10 

±11 

— 

V 

lo 

Output Current 


±10 

±20 

— 

mA 

Zo 

Output Impedance 


— 

50 

— 

Q 

Voltage Gain 

RL = 2kn 





Aol 

Open-Loop Voltage Gain 


97 

104 

— 

dB 


Over Specified Temperature Range 


95 

100 

— 

dB 

Frequency Response 






GBWP 

Gain Bandwidth Product 

Av=10 


100 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 


— 

20 

— 

MHz 

FPBW 

Full-Power Bandwidth 

RL = 2lca 

— 

1.9 

— 

MHz 

Time Response 






ts 

Settling Time 

10V Step to 0.2%, Acl= 10 

— 

280 

— 

ns 

sr 

Slew Rate 


±100 

±120 

— 

V/ps 

tR 

Small Signal Rise Time 


— 

20 

— 

ns 

Power Supplies 






Vcc 

Power Supply Voltage 


— 

±15 

— 

V 

Icc 

Quiescent Supply Current 

Vcc = ±15V 

— 

±8 

±10 

mA 


NOTES: 1. Specified over +1OV to ±20V supply range. 
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OUTPUT VOLTAGE RANGE <V) 


MONOLITHIC 
WIDEBAND, JFET INPUT 
OPERATIONAL AMPLIFIER 













MONOLITHIC 
WIDEBAND, JFET INPUT 
OPERATIONAL AMPLIFIER 


























^^^TELEDYNE 

COMPONENTS 


1346 


MONOLITHIC 

LOW BIAS CURRENT 

OPERATIONAL AMPLIFIER 


FEATURES 


■ Unity Gain Bandwidth Product.2 MHz 

■ Bias Current.±250 fA 

■ Offset Voltage.±3 mV Max 

■ Settling to ±0.1%.2 pis 

■ Power Consumption.30 mW Max 


APPLICATIONS 

■ Track/Hold Amplifiers 

■ Electrometer Amplifiers 

■ Precision Amplifiers 


GENERAL DESCRIPTION 

The 1346 High Performance, Monolithic Operational 
Amplifier combines JFET/Bipolar technology and dielectric 
isolation to provide the best AC and DC characteristics 
available in any monolithic device of its type. Specifications 
of 250 fA input bias current and 3 mV maximum offset 
voltage combined with 2 MHz unity gain bandwidth and 7V/ 
ps slew rate make the 1346 ideal for such applications as 
high impedance, high performance buffers, precision track/ 
hold amplifiers and long-term precision Integrators. The 
1346 is housed in an 8-pin TO-99 package. 



PIN CONFIGURATION 



1041-1 
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MONOLITHIC 
LOW BIAS CURRENT 
OPERATIONAL AMPLIFIER 


1346 _ 

ABSOLUTE MAXIMUM RATINGS 


Vcc Supply Voltage.±20V 

V|df Differential Input Voltage.±Vcc 

Tc Operating Temperature Range (Case) 

1346.0°Cto +75°C 

Tstg Storage Temperature Range .-65°C to +150°C 

Pd Power Dissipation.300mW 


ELECTRICAL CHARACTERISTICS: Tc = +25°C, Vcc = ±15V, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 







Ib 

Input Bias Current 


— 

±0.25 

±1 

pA 



Tmin to Tmax 

— 

±6 

±30 

pA 

los 

Input Offset Current 


— 

±0.03 

±0.2 

pA 



Tmin to Tmax 

— 

±1 

±5 

pA 

Vos 

Input Offset Voltage 

Without External Trim 

— 

±1 

±3 

mV 



Tmin to Tmax 

— 

— 

±4 

mV 

PSRR 

Input Offset vs Power Supply 

@ DC, Vcc = ±1OV to ±20V 

85 

105 

— 

dB 

V|CM 

Common-Mode Input Voltage 

DC Linear Operation 

±10 

±12 

_ 

V 

CMRR 

Common-Mode Rejection Ratio 

@ DC 

90 

110 

— 

dB 

Z|D 

Differential Input Impedance 

@ DC 

— 

1 

— 

GQ 

Output 







Vo 

Output Voltage 

Rl = 2 ka 

±10 

±12 

— 

V 

lo 

Output Current 


±10 

±15 

— 

mA 

lose 

Output Short Circuit Current 


— 

(Note 1) 

_ 

— 

Zo 

Output Impedance 


— 

“25' ■' 

— 

n 

Voltage Gain 






Aol 

Open-Loop Voltage Gain 

RL=2ka 

106 

120 

— 

dB 



Tmin to Tmax 

103 

— 

— 

dB 

Frequency Response 






UGBW 

Unity-Gain Bandwidth 


~ 

2 

— 

MHz 

FPBW 

Full-Power Bandwidth 

Rl= 2kQ 

— 

110 

— 

kHz 

Time Response 






ts 

Settling Time 

10V Step to 0.1% 

— 

2 

_ 

ps 

sr 

Slew Rate 


±4 

±7 

— 

V/ps 

tR 

Small Signal Rise Time 


— 

75 

— 

ns 

Power Supplies 






Vcc 

Power Supply Voltage 


— 

±15 

±20 

V 

Icc 

Quiescent Supply Current 

Vcc = i1 5V 

— 

±0.8 

±1 

mA 


Note 1: Output can withstand a short to ground for an indefinite length of time. Shorts to either supply will result in destruction. 
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MONOLITHIC 

LOW BIAS CURRENT 

OPERATIONAL AMPLIFIER 


1346 


Applications Information 

The 1346 is one of the lowest input bias current mono¬ 
lithic operational amplifiers available. When used in appli¬ 
cations requiring maximum performance, precautions must 
be taken against unwanted noise and leakage current. To 
minimize leakage currents a teflon socket is recommended. 


Bypass capacitors should be as near as possible to the unit 
and the unit should be as near as possible to the signal 
source. The dielectric isolation process and JFET input 
design protect the 1346 against input signal transients 
beyond the level of the supplies as well as large differential 
signals equal to the differential supply voltage without 
degradation of performance. 



Figure 1. Slew Rate and Transient Response 



Figure 2. Suggested Offset Adjustment Circuit 



Figure 3. Current to Voltage Converter Figure 4. Very High Impedance Noninverting Amplifier 
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NOTES 



^A^TELEDYNE 

COMPONENTS 


1430 


FAST SETTLING, FET INPUT 
OPERATIONAL AMPLIFIER 


FEATURES 


GENERAL DESCRIPTION 


■ Settling Time to ±0.01% (10V step).200 ns Max 

■ Operating Temperature.-55°C to +125°C 

■ Gain Bandwidth Product...100 MHz 

■ Slew Rate.750V/^s 

■ Output.±11V, ±55 mA 


APPLICATIONS 

■ Digital-to-Analog Converters 

■ Sample/Hold Circuits 

■ Pulse Amplifiers 

■ Wideband Amplifiers 


The 1430 is a high speed, precision, FET input hybrid op 
amp that features fast settling time, low bias current, high 
slew rate, wide bandwidth, and good phase margin. Guaran¬ 
teed settling time of 200nsec (10V step to 0.01%) and a 
design that is tailored for inverting applications make the 
1430 an ideal output amplifier for fast 12 bit D/A converters 
and other applications such as sample-hold amplifiers and 
radar pulse amplifiers. 

The 1430 was carefully designed so that output settling 
time would not vary appreciably with closed loop gain 
(Figure 1). This is particularly important for current to voltage 
converter applications as with high speed current-output 
DACs (see Figure 2). The 1430 requires only a feedback 
capacitor for stability at closed-loop gains of unity and 
above. 

The 1430 is packaged in a 14-pln metal platform pack¬ 
age. Both the standard 1430 and the High Reliability (HR) 
1430 are specified to operate over the -55°C to +125®C 
temperature range. 



PiN CONFIGURATION 



1042-1 
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FAST SETTLING, FET INPUT 
OPERATIONAL AMPLIFIER 


1430 



1 5 10 15 

CLOSED LOOP GAIN 

Rf=: IK 
C}= lOpF 


Figure 1. Settling Time vs Closed Loop Gain 


ABSOLUTE MAXIMUM RATINGS 



Figure 2. Output Amplifier for D/A Converter 


Vcc Supply Voltage.±18V Tstg Storage Temperature Range.-65°C to+150°C 

V|D Differential Input Voltage...±Vcc ('•) Operation above 85°C requires a 20°C/W heat sink. 

VicM Common Mode Input Voltage. ±Vqc 

Tc Operating Temperature Range (Case) 

1430..-55X to +125°C 

1430-HR.-55°C to +125°C (1) 


DC CHARACTERISTICS: (Note 1) Vcc =±15V, Rl = 1 kn, inverting circuits only, Tc = 25°C, 

unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1430 

Typ 

Max 

V 

Min 

130-H 

Typ 

R 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±0.5 

±2 

— 

±0.5 

±2 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±40 

— 

— 

±40 

1+ 

o 

o 

hV/°C 

Ib 

Input Bias Current 


— 

I ±10 

±100 

— 

±10 

1 ±100 1 

pA 

Ib tc 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11°C | 

Doubles every 11°c| 

— 

los 

Input Offset Current 


— 1 

±2 

1 — 1 

1_ 

±2 

1 — 1 

pA 

los TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11 °C | 

Doubles every 11 °C 

— 

Avol 

Open-Loop Voltage Gain 

Rl = 2000 

106 

120 

— 

106 

120 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


— 

80 

— 

— 

80 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM = +2V 

— 

65 

— 

— 

65 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 


— 

+3/-10 

— 

— 

+3/-10 

— 

V 

ZiD 

Differential Input Impedance 



lO^hlS 

— 

— 

lo^hia 

__ 

niipF 

Z|CM 

Common-Mode Input Impedance 


— 

101^113 

— 

— 

1011|I3 

— 

DllpF 

Vo 

Output Voltage Swing 

Rl = 2000 

±10 

±11 

— 

±10 

±11 


V 

lo 

Output Current 

Rl = 2000 

±50 

±55 

— 

±50 

±55 

— 

mA 

Isc 

Output Short-Circuit Current 


— 

±110 

— 

— 

±110 

— 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

1000 

— 

— 

1000 


Q 

Vcc 

Supply Voltage Range (Operating) 


±10 

±15 

±18 

±10 

±15 

±18 

V 

Icc 

Quiescent Supply Current 


— 

±20 

±25 

— 

±20 

±25 

mA 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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FAST SETTLING, FET INPUT 
OPERATIONAL AMPLIFIER 


1430 


AC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 1 kQ, inverting circuits only, Tc = 25°C, 

unless otherwise noted. 






1430 


1 1430-HR 1 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Sr 

Slew Rate 


— 

750 

— 

— 

750 

— 

V/ps 

GBWP 

Gain-Bandwidth Product 

f = 1 MHz 

80 

100 

~ 

80 

100 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 


— 

60 

— 

— 

60 

— 

MHz 

ts 

Settling Time (Acl = -1) 

10V step/1 % 

— 

70 

— 

— 

70 

— 

ns 



10V step/0.1% 

— 

85 

— 

— 

85 

— 

ns 



10V step/0.01 % 

— 

175 

200 

— 

175 

200 

ns 



5 V step/1 % 

— 

70 

— 

— 

70 

— 

ns 



5V step/0.1% 

— 

100 

— 

— 

100 

— 

ns 



5V step/0.01 % 

— 

180 

_ 

_ 

180 

— 

ns 



2V step/1 % 

— 

80 

— 

— 

80 

— 

ns 



2V step/0.1% 

— 

100 

— 

— 

100 

— 

ns 



2V step/0.01 % 

__ 

240 

— 

— 

240 

— 

ns 

©n 

Input Voltage Noise Density 

f = 1 kHz 

__ 

16 

— 

— 

16 

__ 

nV/VHz 

•n 

Input Current Noise Density 

f = 1 kHz 

— 

0.2 

— 

— 

0.2 

_ 

pA/VHz 

Cl 

Capacitive Load (maximum w/o oscillation) 


100 

— 

— 

100 

— 

— 

pF 


NOTES: 1 . Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


9-23 


FAST SETTLING, FET INPUT 
OPERATIONAL AMPLIFIER 


1430 



0 


Figure 3. The Composition of Settling Time 

Defining Settling Time 

Settling time is the important specification when han¬ 
dling fast (sub-microsecond rise time), precision (0.1% or 
better amplitude accuracy) pulses. Settling time is the total 
time required, after the application of an input step (voltage 
or current), for a circuit's output to reach and stay within an 
error band specified in relation totheoutput'sfinal value (see 
Figure 3). 

Settling time cannot be predicted from bandwidth or 
slew rate. A step input to the amplifier will cause the output 
to slew at its maximum rate toward the final value. When this 
value is reached the output will usually overshoot slightly 


and "ring" as it settles toward the final value. Settling time 
includes not only the slew rate but also that portion of the 
ringing time In which the peaks exceed the settling time error 
band. 

The error band is generally expressed as a percent¬ 
age of the op-amps full scale output (i.e. 0.01 % or 1 mV for 
a 10V amplifier). When observing settling time on an oscil¬ 
loscope the amplifier may appear to have settled because 
the ringing has ceased but the observed value Is outside the 
error band for a few seconds until it drifts within the error 
band. This "long tail" phenomenon is often a source of error. 
The longtail makes it virtually impossible to calculate settling 
time by using slew rate, and ringing characteristics as the 
sole factors. Also, knowing the settling time to a given 
accuracy (i.e. 0.1 %) is not helpful in extrapolating the settling 
time to a higher accuracy, such as 0.01 % and vice versa. 

If settling time cannot be extrapolated, calculated, 
guessed or ignored, it must be measured. This can be 
difficult and misleading if the proper procedures are not 
followed precisely. (Figure 4 illustrates the 1430's settling 
characteristics using the test circuit shown in Figure 5A). 

Measuring Settling Time 

It is not possible to obtain 0.1% or 0.01% accurate 
measurements directly from an oscilloscope looking at the 
output waveform. Measuring a 10V signal, at high sensitivity 
for proper resolution, will overdrive the scope's input ampli¬ 
fier such that it's own recovery time will be much longer than 
the settling time being measured. Measuring settling time to 
0.01% requires a clipping amplifier to prevent overloading 
the oscilloscope's input (Figure 5B). 



Figure 4. 1430/1430-HR Settling Time 


Figure 5. Test Circuit and Clipping Amplifier 
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FAST SETTLING, FET INPUT 
OPERATIONAL AMPLIFIER 


1430 



The test circuit (Figure 5A) is an excellent method for 
fast-settling time measurements. In this circuit Rjn and Rf are 
matched to Rm' and Rf'. When the Amplifier Under Test 
(AUT) settles to ±0.01% of a 20V step (±2 mV) the settling 
point settles to ±1 mV. A FET follower with less than 1 pF 
input capacitance (3N128) is used in the clipper amp to 
buffer the settling point. The two schottky diodes acting as 
limiters on the settling point do not store a charge nor present 
much capacitive loading. Therefore, the lag due to capaci¬ 
tance, =3 pF, in combination with Rf' = Rj' = 1 kQ can be as 
low as 1.5 ns. Be sure to use an ideal square wave source 
for testing, since a square wave with significant ripple can 
unfairly cause an amplifier to look bad. 

This method allows you to look directly at the true AUT 
output, yet avoids most drawbacks due to the output signal 
subtraction from the input signal. 


Why not connect the 3N128 buffer directly to the sum¬ 
ming point? Because of feedback capacitance, Cf, and the 
(A.U.T.) input capacitance, Cjn. Many fast-settling amplifi¬ 
ers give best results when some finite amount of feedback 
capacitance is used. The effect of changing Cf can be seen 
at the settling point but not at the summing point. In addition, 
some good amplifiers have significant input capacitance 
due to "M iller capacitance" or feedforward capacitors. In this 
case, it is possible to see the true settling only at the settling 
point. You can test at the summing point if the result Is the 
same as at the settling point; but if there is a difference 
measure at the settling point. 



Figure SB. Clipping Amplifier 


9-25 




FAST SETTLING, FET INPUT 
OPERATIONAL AMPLIFIER 


1430 



An amplifier is of little use in precision work if it's output 
for a 400ns pulse rises in 10ns, overshoots 20%, rings for 
100ns, and, due to a tail does not arrive at and remain within 
0.01% of the final value for another 600ns. A 1430 will be 
within 0.01% of final value within 200ns. 

To operate the 1430 or 14304H R from +85°C to +125®C, 
a 20'’C per watt heat sink must be attached. A suggested 
device is the Thermalloy Model 6007A* modified by remov¬ 
ing the two fins at each end and adding an aluminum "hold 
down bar" (Figure 7). Heat sink compound must be used 
between the 1430 and the heat sink. 

•Thermalloy 

2021 West Valley View Lane 
Dallas, TX 75234 



0.125 

(0.318) 


0.40 

( 1 . 02 ) 


ALUMINUM 
HOLD-DOWN BAR 




1.25 

(3.20) 





0.093 

(0.230) 

blA 



0.37 

(0.94) 


{ 0.75 
(1.90) 


MODIFIED 

THERMALLOY MODEL 6007A 
HEAT SINK 


NOTE: Dimensions: in. (cm) 


Figure 7. Heat Sink Assembly 
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"P^^TELEDYNE 

COMPONENTS 


1435 


OPERATIONAL AMPLIFIER — HIGH-FREQUENCY, FAST-SETTLING 

FEATURES GENERAL DESCRIPTION 


■ Settling Time to 0.01 %.70 ns 

■ Gain Bandwidth Product.1 GHz 

■ Common-Mode Rejection Ratio.100 dB 

■ Open-Loop Gain.95 dB 

■ Operating Temperature (-HR).-55°C to +125°C 


APPLICATIONS 

■ Radar and Sonar Signal Processing 

■ Microwave Transmitter Modulators 

■ Graphic CRT Displays 

■ Linear Video Mixers 

■ Video ADCs, DACs, S/Hs 


The 1435 is an ultra-fast, differential-input operational 
amplifier designed for precision amplification of wideband, 
complex waveforms with frequency components from DC 
to 100 MHz. Such performance is made possible by a 
unique design featuring high open-loop gain, flat frequency 
response beyond 10 kHz, and smooth 6 dB/octave rolloff to 
greater than 100 MHz. 

Applications of the 1435 are based on using the preci¬ 
sion capabilities of a differential-input op amp at higher 
frequencies than previously possible. These applications 
include video mixers with 20 dB to 40 dB gain, fully-differ¬ 
ential-input, and 0.1% gain stability: peak detectors (and 
sample/holds) that can capture 10V, 50 ns pulses to 1% 
accuracy and 70 ns pulses to 0.01% accuracy; video A/D 
and D/A converters; submicrosecond, precision analog 
comparators. 

The standard 1435 is specified for 0°C to +70°C opera¬ 
tion. For high-reliability military/aerospace applications, the 
1435 High Reliability (HR) version is specified for-55°C to 
+125°C operation. 


PIN CONFIGURATION 


PIN 

NO. 

DESIGNATION 

PIN 

NO. 

DESIGNATION 

1435 

1 

OPTIONAL BYPASS CAPACITOR 

8 

+INPUT 

A 

2 

OUTPUT SOURCE 

9 

NC 

© ® ® (§) ® ® ® 

3 

COMPENSATION CAPACITOR 

10 

NC 

1 O ^ A T 

4 

+Vcc 

11 

NC 

1 ^ ^ 4 D O f 

5 

Eos TRIM 

12 

-Vcc 

BOTTOM VIEW 

6 

Eos TRIM 

13 

OUTPUT SINK 

14 13 12 11 10 9 8 

7 

-INPUT 

14 

CASE COMMON 

® ® ® ® ® ® ® 

NC 

= NO INTERNAL CONNECTION 





1043-1 
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HIGH-FREQUENCY, FAST-SETTLING 
OPERATIONAL AMPLIFIER 


1435 


ABSOLUTE MAXIMUM RATINGS 


Vcc 

Supply Voltage. 

.+18V 

Tc 

Operating Temperature Range (Case) 

VlD 

V|CM 

Differential Input Voltage. 

Common-Mode Input Voltage. 

.+4V 

.+10V 

Tstg 

1435. 

1435-HR. 

Storage Temperature Range.. 

.0°Cto+70'’C 

...-55°C to+125°C 
...-€5°C to+150''C 


DC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = soon, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1435 

Typ 

Max 

1 

Min 

435-H 

Typ 

R 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±2 

±5 

— 

±2 

±5 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±5 

— 

— 

±5 

±25 

^V/°C 

Ib 

Input Bias Current 


— 

±10 

±30 

— 

±10 

±30 

pA 

IbTC 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

— 

±50 

— 

— 

±50 

±150 

nA/°C 

los 

Input Offset Current 


— 

±0.3 

— 

— 

±0.3 

— 

pA 

los TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

— 

±2 

— 

— 

±2 

— 

nA/°C 

Avol 

Open-Loop Voltage Gain 


80 

95 

— 

80 

95 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


— 

86 

— 

— 

86 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM = ±5V 

80 

100 

— 

80 

100 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR > 74 dB 

±7 

±8.5 

~ 

±7 

±8.5 

— 

V 

Z|D 

Differential Input Impedance 


— 

2.5kll2 

— 

—■ 

2.5kll2 

— 

QllpF 

Z|CM 

Common-Mode Input Impedance 


— 

1MII2 

— 

— 

1M1I2 

— 

QllpF 

Vo 

Output Voltage Swing 


±5 

±7 

~ 

±5 

±7 

_ 

V 

lo 

Output Current 


±10 

±14 

— 

±10 

±14 

— 

mA 

Isc 

Output Short-Circuit Current 


— 

-16/+35 

_ 

— 

-16/+35 

— 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

100 

— 

— 

100 

— 

Q 

Vcc 

Supply Voltage Range (Operating) 


±12 

±15 

±16 

±12 

±15 

±16 

V 

Icc 

Quiescent Supply Current 


— 

±25 

±30 

— 

±25 

±30 

mA 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


AC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 1 kn, Cc = 2 pF, Tc = 25°C, unless otherwise noted. 






1435 


1435-HR 1 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Sr 

Slew Rate 

o 

II 

o 

O 

250 

300 

— 

250 

300 

— 

V/ps 

GBWP 

Gain-Bandwidth Product 

f=10MHz, Cc = 0 

700 

1000 

— 

700 

1000 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 

o 

II 

O 


150 

— 

— 

150 

— 

MHz 

ts 

Settling Time (Acl = -1 ) 

10V step/0.025% 


60 

85 

— 

60 

75 

ns 



10V step/0.01 % 

— 

70 

— 

— 

70 

— 

ns 



5V step/1 % 

— 

25 

— 

— 

25 

— 

ns 



5 V step/0.1% 

-— 

40 

60 

— 

40 

60 

ns 



IV step/1 % 

— 

10 

— 

— 

10 

— 

ns 



IV step/0.1% 

— 

20 

— 

— 

20 

— 

ns 

©n 

Input Voltage Noise Density 

f = 1 kHz 

— 

16 

— 

— 

16 

— 

nV/VHz 

in 

Input Current Noise Density 

f = 1 kHz 

— 

25 

— 

— 

25 

— 

pA/^lHz 

Cl 

Capacitive Load (Maximum w/o oscillation) 

NG>2, Cc=3pF 

1000 

— 

— 

1000 

— 

— 

pF 


NOTES: 1 . Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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APPLICATION INFORMATION 


Basic Connections and Wiring Techniques 


A schematic and suggested physical layout of basic 
connections for the 1435 are shown in Figure 1. Illustrated 
are wiring techniques recommended to obtain specified high 
frequency/time response from the 1435. The circuit should 
be built on a ground plane with minimum length, point-to- 
point connections, wired directly to the pins of the 1435. If a 
socket is necessary, it should be made of Teflon (such asthe 
Augat model 114-AG-2A). Remember, 1000^2 and 10 pF 
provide a time constant of 10 ns. 

The 1435 has a Class A output stage. Pin 2 is a follower 
output, while pin 13 is a current sink used to provide 
quiescent bias for the follower, as well as sinking load 
current for negative output swings. For most applications, 
pins 2 and 13 (the output circuit) are connected together. 

Stability and Compensation 

The 1435 operates in any conventional op-amp circuits, 
including the noninverting amplifier, current-to-voltage con¬ 


verter, integrator, etc. However, it must be used at a noise 
gain of at least 2 (noise gain = 1 + Rf/Rin)- For example, it 
can operate as a gain-of-one inverter (Figure 1), or differen¬ 
tial amplifier, but as a non-inverting amplifier, it must have a 
gain of at least 2. 

Capacitor Ci (shown in Figure 1), is a 2 pF compensa¬ 
tion capacitor which must be used to maintain stable opera¬ 
tion when noise gain is less than 10. 

Resistor R3 connected to the (+) input compensates for 
the (-) input bias current. It should be equal to Rin and Rp in 
parallel. The 1 kn, Eos adjust potentiometer is optional. The 
1 p.F bypass capacitor (C2) on pin 1 may be necessary to 
prevent oscillation of the output stage when driving capaci¬ 
tive loads. 

When operating at the low impedances required by the 
1435, care should be taken to include the load provided by 
the feedback resistor when calculating the total load on 
amplifier output. 




Figure 1. Suggested Layout and Schematic 
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FREQUENCY (Hz) 



Q. 


Figure 2. Open-Loop Gain and Phase vs Frequency 


Operation as a Current-to-Voltage Converter 

The 1435 is an optimum choice for a current-to-voltage 
converter because of its excellent Eos and bs temperature 
coefficients (TC). When used with a current output DAC the 
required noise gain of >2 is provided by using the output 
impedance of the DAC (see Figure 4). The initial input bias 
current of the 1435 is compensated by the addition of Rc, 
which is equal to the parallel combination of the feedback 
resistor and the input (DAC output) impedance. The typical 
los TC of 2 nA/°C times the feedback resistor (2.5 kQ) 
produces 5 pV/°C of output drift over temperature, and the 
typical Eos TC of 5 |xV/°C times a noise gain of 3.1 contrib¬ 
utes only 15.5 pV/°C to the output drift. 
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Settling-Time Measurement 

The measurement of amplifier settling time to 0.01% 
under 100 ns accuracy requires great care. The 1435’s 
settling time may be measured using the circuit shown in 
Figure 5. The settling-time test point is connected to an 
emitter-follower buffer for 0.1 % measurement and to a gain- 
of-5 amplifier for 0.01 %. (For a detailed discussion of these 
measurement techniques, see Teledyne Components’ Model 
1430 data sheet.) 





10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Figure 7. PSRR vs Frequency 
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0 2 4 6 8 10 12 


NOISE GAIN^I + ^ 


Figure 8. Typical Settling Time vs Noise Gain 

CMRR/PSRR vs Frequency 

Figure 6 plots CMRR versus frequency, illustrating that 
the 1435 is fully differential at video frequencies and is an 
excellent choice for differential and non-inverting applica¬ 
tions. 

Figure 7 plots PSRR versus frequency, and illustrates 
the need to bypass the power supplies at video frequencies 
(to prevent oscillation). 

Settling Time vs Noise Gain 

The dependency of the 1435’s dynamic performance on 
circuit gain is shown in Figure 8. Because of the enormous 
gain bandwidth of the 1435, settling time remains good even 
with significant gain. 

Operation Above +85°C 

In order to operate the 1435-HR from +85°C to +125°C, 
It must be used with a 18°C/W heat sink. A suggested heat 
sink is the Thermalloy Model 6007A* (modified by removing 
thetwo fins at each end and adding the aluminum hold-down 
bar, as shown in Figure 10.) Heat-sink compound must be 
used between the 1435-HR and the heat sink. 


ALUMINUM 
HOLD-DOWN BAR 



MODIFIED 

THERMALLOY MODEL 6007A 
HEAT SINK 


NOTE: Dimensions: in. (cm) 


Figure 9.1435-HR Heat Sink Assembly 



Figure 10. Input Protection 


* To obtain the heat sinks mentioned here, please contact: 


Thermalloy 

2021 West Valley View Lane 
Dallas, TX 75234 
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I WARNING I 

If -Vcc is open, the output will follow +Vcc- Depending on 
the feedback network, this may cause an input differential 
voltage greater than ±4V, which will degrade the input 
transistors. To maximize frequency response, the 1435 
DOES NOT have input protection. Therefore, the following 
precautions MUST be taken: 

1. Do not apply +Vcc before -Vcc- 

2. Do not apply voltage to either input (pins 7 and 
8) prior to application of ±Vcc- 

3. Provide input protection per Figure 10. 



Figure 11. Burn-in Circuit 
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COMPONENTS 


1437 


OPERATIONAL AMPLIFIER — WIDEBAND, FAST-SETTLING 


FEATURES 


■ Gain Bandwidth Product...350 MHz 

■ Unity Gain Bandwidth.40 MHz 

■ Settling Time to 0.1% (10V step).85 ns 

■ Output.±12V, ±24 mA 

■ Small, TO-99 Package 


■ Single External Compensation Capacitor 

■ FET Input 

APPLICATIONS 

■ Current-to-Voltage DACs 

■ Pulse Amplifiers 

■ Radar and Sonar Signal Processing 

■ Graphics CRT Displays 

■ Video ADCs, DACs, and S/Hs 


GENERAL DESCRIPTION 

The 1437 hybrid op amp offers versatility in wideband 
steady-state and fast-transient applications. It stands out 
for speed and predictability, as exemplified by its fast, 
smooth settling. The absence of large transients and os¬ 
cillations in the settling waveform make the 1437 a de¬ 
pendable system element that can resolve settling problems 
associated with ADCs, DACs, and sampling circuits. 

The 1437 has excellent DC characteristics: ±200 pA 
input bias current, 95 dB open-loop gain, and ±0.5 mV input 
offset voltage. The choice of a single external compensation 
capacitor ensures a 40 MHz bandwidth at a variety of gains. 
True differential inputs ensure superior performance in all 
circuit configurations: inverting, noninverting, or differential. 
With an attractive price/performance ratio, the 1437 is an 
industry-standard for high-speed, high-accuracy signal pro¬ 
cessing and data acquisition. 

The 1437 is packaged in an 8-pin TO-99 can and is 
specified for 0°C to +70°C operation. The 1437 High Reli¬ 
ability (HR) version is specified for -55°C to +125°C op¬ 
eration. 


PIN CONFIGURATION 


PIN 

NO. 

DESIGNATION 

1 

OFFSET TRIM 

2 

INVERTING INPUT 

3 

NONINVERTING INPUT 

4 

-Vcc 

5 

OFFSET TRIM 

6 

OUTPUT 

7 

+Vcc 

8 

COMPENSATION 



1044-1 
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ABSOLUTE MAXIMUM RATINGS 


Vcc Supply Voltage.±20V 

ViD Differential Input Voltage.±25V 

VicM Common-Mode Input Voltage.±Vcc 

Tc Operating Temperature Range (Case) 

1437.OX to +70X 

1437-HR.-55°C to +125X 


Tstg Storage Temperature Range.-65°C to +150°C 

0JC Overall Junction-to-Case Thermal 

Resistance (Note 1).32X/W 

0JC Output Transistor Junction-to-Case Thermal 

Resistance (Note 2).65°CA/V 


NOTES: 1. Overall thermal resistance during normal operating conditions. Multiply this value by the power dissipation of the entire 1437 to 
determine maximum temperature rise case to junction in the hybrid. 

2. Individual thermal resistance of the output stage. The 1437 is a Class AB amplifier. To calculate the output transistor temperature rise 
case to junction, multiply this figure by the power dissipation of the output transistor. At AC frequencies above 100 Hz, the effective 
thermal resistance of the output stage will drop 32.5°CA/V for the 1437. 


DC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 500^2, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1437 

Typ 

Max 

U 

Min 

137-H 

Typ 

R 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±0.5 

±2 

— 

±0.5 

±2 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average. Tmin to Tmax 

— 

±15 

— 

— 

±15 

±50 

^v/°c 

Ib 

Input Bias Current 


— 

±200 

— 

— 

±200 

— 

pA 

Ib tc 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11°C 

1 Doubles every 11°C 

— 

los 

Input Offset Current 


— 

±20 

— 


±20j 

— 

pA 

los TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

1 Doubles every 11°C 

1 Doubles every 11“C 

— 

Avol 

Open-Loop Voltage Gain 


88 

95 

— 

88 

95 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


— 

76 

— 

— 

76 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM = ±8V 

60 

78 

— 

60 

78 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR > 54 dB 

±10 

±12 

— 

±10 

±12 

— 

V 

Z|D 

Differential Input Impedance 


— 

10^1113 

— 

— 

101^113 

— 

aiipF 

Z|CM 

Common-Mode Input Impedance 


— 

101^113 

— 

— 

1011|I3 

— 

OllpF 

Vo 

Output Voltage Swing 


±10 

±12 

— 

±10 

±12 

— 

V 

lo 

Output Current 


±20 

±24 

— 

±20 

±24 

— 

mA 

Isc 

Output Short-Circuit Current 


— 

±50 

— 

— 

±50 

— 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

90 

— 

— 

90 

— 

D. 

Vcc 

Supply Voltage Range (Operating) 


±12 

±15 

±20 

±12 

±15 

±20 

V 

Icc 

Quiescent Supply Current 


— 

±12 

±15 

— 

±12 

±15 

mA 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


AC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 500Q, Cc = 0 pF, Tc = 25°C, unless otherwise noted. 






1437 


14 

I37-H 

R 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Sr 

Slew Rate 


— 

400 

— 

— 

400 

— 

V/ps 



Cc=15pF 

— 

225 

— 

— 

225 

— 

V/|is 

GBWP 

Gain-Bandwidth Product 

f=10MHz 

— 

350 

— 

— 

350 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 

Cc = 27 pF 

— 

40 

— 

— 

40 

— 

MHz 

ts 

Settling Time (Acl = -1, Cc = 15 pF) 

10V step/1 % 

— 

65 

— 

— 

65 

— 

ns 



10V step/0.1% 

— 

85 

120 

— 

85 

120 

ns 



10V step/0.025% 

— 

150 

— 

— 

150 

— 

ns 



10V step/0.01 % 

— 

180 

— 

— 

180 

— 

ns 

©n 

Input Voltage Noise Density 

N 

X 

II 

— 

10 

— 

— 

10 

— 

nVVHz 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in nomnal font are guaranteed but not 100% 
production tested. g.36 
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APPLICATIONS 

The basic connections for the 1437 in the inverting 
mode are shown in Figure 1. 



Figure 1. Normal Inverting Operation 


Data Conversion 

Fast settling time, low bias and offset currents, and 
modest power consumption make the 1437 an excellent 
choice for use in data conversion applications. Figure 2 
illustrates the 1437 as a fast-settling input buffer to a 12-blt 
A/D converter. 



Figure 3 demonstrates the 1437 used as a current-to- 
voltage converter for a 12-bit DAC. 



Stability and Compensation 

For wide bandwidth applications, the 1437 can achieve 
30 MHz bandwidth at 20 dB gain with a 2 pF compensation 
capacitor, as shown in Figure 4. The 1437 can operate as a 
unity-gain buffer out to 40 MHz bandwidth with 27 pF 
compensation (Figure 5). The 1437 Is stable without a 
compensation capacitor in applications with gains greater 
than 30 dB, such as a video amplifier (Figure 6), where the 
gain is 70 dB and a compensation capacitor is not needed. 
Refer to Figure 8 to determine the required compensation for 
other gain selections. 



27 pF 



Figure 5. 40 MHz Unity-Gain Buffer 
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Figure 6. Video Amplifier 


Settling-Time Measurements 

A typical settling-time measurement circuit for the 1437 
is shown in Figure 7a; a photograph of a typical measure¬ 
ment is shown in Figure 7b. Figure 11 presents a graph of 
settling time to either 100 mV or 10 mV versus the output 
step size. 



Figure 7a. Typical Settling-Time Test Circuit 



Figure 7b. Settling-Time Graph 



Figure 8. Open-Loop Gain and Phase vs Frequency 



Figure 9. Full-Power Bandwidth vs Inverting Gain 
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1 2 4 8 16 32 64 

INVERTING GAIN (dB) 


Figure 10. Slew Rate vs Inverting Gain 



40 60 80 100 120 140 

SETTLING TIME (ns) 


Figure 11. Settling Time vs Output Voltage Change 



0 2 4 6 8 10 12 14 

CAPACITANCE COMPENSATION (pF) 


Figure 12. Noise Gain vs Cc for 16% Overshoot 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Figure 13. CMRR vs Frequency 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Figure 14. PSRR vs Frequency 
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1438 


OPERATIONAL AMPLIFIER — WIDEBAND, FAST-SETTLING 


FEATURES 


■ Gain-Bandwidth Product.350 MHz 

■ Unity Gain Bandwidth.40 MHz 

■ Settling Time to 0.1% (10V step).85 ns 

■ Output.±12V, ±60 mA 

■ Small, TO-8 Package 


■ Single External Compensation Capacitor 

■ FET Input 

APPLICATIONS 

■ Current-to-Voltage DACs 

■ Pulse Amplifiers 

■ Radar and Sonar Signal Processing 

■ Graphics CRT Displays 

■ Video ADCs, DACs, and S/Hs 


GENERAL DESCRIPTION 

The 1438 hybrid operational amplifier offers versatility 
in wideband steady-state and fast-transient applications. 
The 1438 stands out for speed and predictability, as 
exemplified by its fast, smooth settling. The absence of 
large transients and oscillations in the settling waveform 
make it a dependable system element that can resolve 
settling problems associated with ADCs, DACs, and 
sampling circuits. 

The 1438 has excellent DC characteristics: ±200 pA 
input bias current, 93 dB open-loop gain, and ±0.5 mV 
input offset voltage. The choice of a single external com¬ 
pensation capacitor is all that is needed to ensure a 40 
MHz bandwidth at a variety of gains. True differential in¬ 
puts ensure superior performance in all circuit configura¬ 
tions, whether inverting, noninverting, or differential. With 
an attractive price/performance ratio, the 1438 is an indus¬ 
try standard for high-speed, high-accuracy signal process¬ 
ing and data acquisition. 

The 1438 is packaged in a 12-pin TO-8 can and Is 
specified for 0°C to -i-70°C operation. The High Reliability 
(-HR) version is specified for-55°C to +125°C operation. 


PIN CONFIGURATION 



1045-1 
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ABSOLUTE MAXIMUM RATINGS 


Vcc 

Supply Voltage. 

.+20V 

Tstg 

VlD 

Differential Input Voltage. 

.+25 V 

0JC 

ViCM 

Common-Mode Input Voltage. 

.+Vcc 


Tc 

Operating Temperature Range (Case) 


Ojc 


NOTES: 


Storage Temperature Range.-65°C to +150°C 

Overall Junction-to-Case Thermal 

Resistance (Note 1).19°C/W 

Output Transistor Junction-to-Case Thermal 

1438 .0°C to +70°C Resistance (Note 2).35°C/W 

1438-HR.-55X to +125°C 

1 . Overall thermal resistance during normal operating conditions. Multiply this value by the power dissipation of the entire 1438 to 
determine maximum temperature rise case to junction in the hybrid. 

2. Individual thermal resistance of the output stage. The 1438 is a Class AB amplifier. To calculate the output transistor temperature rise 
case to junction, multiply this figure by the power dissipation of the output transistor. At AC frequencies above 100 Hz, the effective 
thermal resistance of the output stage will drop 32.5°CA/V for the 1438. 


DC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 200Q, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1438 

Typ 

Max 

14 

Min 

138-H 

Typ 

R 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±0.5 

±2 

— 

±0.5 

±2 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±15 

— 

— 

±15 

±50 

liV/°C 

Ib 

Input Bias Current 


— 

±200 

— 

— 

±200 

— 

pA 

Ib tc 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11 °C 1 

Doubles every 11°C 

— 

los 

Input Offset Current 


— 

±20 

— 

— 

±20 

— 

pA 

los tc 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11°C 1 

Doubles every 11°C 

— 

Avol 

Open-Loop Voltage Gain 


86 

93 

— 

86 

93 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


— 

76 

— 

— 

76 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM = ±8V 

60 

78 

— 

60 

78 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR >54 dB 

±10 

±12 

— 

±10 

±12 

— 

V 

ZiD 

Differential Input Impedance 


— 

10^1113 

— 

— 

10^1113 

— 

DllpF 

Z|CM 

Common-Mode Input Impedance 


— 

10^^113 

— 

— 

10^^113 

— 

QllpF 

Vo 

Output Voltage Swing 


±10 

±12 

— 

±10 

±12 

— 

V 

lo 

Output Current 


±50 

±60 

— 

±50 

±60 

— 

mA 

Isc 

Output Short-Circuit Current 


— 

±125 

— 

— 

±125 

— 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

90 

— 

— 

90 

— 

Q 

Vcc 

Supply Voltage Range (Operating) 


±12 

±15 

±20 

±12 

±15 

±20 

V 

Icc 

Quiescent Supply Current 


— 

±12 

±15 

— 

±12 

±15 

mA 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


AC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 200a. Cc = 0 pF, Tc = 25''C, unless otherwise noted. 






1438 


1438-HR 1 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Sr 

Slew Rate 


— 

400 

— 

— 

400 

— 

V/^s 



Cc=15pF 

— 

225 

— 

— 

225 

— 

V/1.1S 

GBWP 

Gain-Bandwidth Product 

f = 10 MHz 

— 

350 

— 

— 

350 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 

Cc = 27 pF 

— 

40 

— 

-- 

40 

— 

MHz 

ts 

Settling Time (Acl = -1, Cc = 15 pF) 

10V step/1 % 

— 

65 

— 

— 

65 

— 

ns 



10V step/0.1% 

— 

85 

120 

— 

85 

120 

ns 



10V step/0.025% 

— 

150 

— 

— 

150 

— 

ns 



10V step/0.01 % 

— 

180 

— 

— 

180 

— 

ns 

©n 

Input Voltage Noise Density 

f = 1 kHz 

— 

10 

— 

— 

10 

— 

nV/VHz 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


9-42 


























WIDEBAND, FAST-SETTLING 
OPERATIONAL AMPLIFIER 


1438 


APPLICATIONS 

Basic connections for the 1438 in the normal inverting 
mode are shown in Figure 1. 



Figure 1. Normal Inverting Operation 


Data Conversion 

Fast settling time, low bias and offset currents, and 
modest power consumption make the 1438 an excellent 
choice for use in data conversion applications. Figure 2 
illustrates the 1438 as a fast-settling input buffer to a 12-bit 
A/D converter. 



Figure 2. Fast-Settling Buffer 


Figure 3 demonstrates the 1438 used as a current-to- 
voltage converter for a 12-bit DAC. 



Figure 3. Current-to-Voltage Converter 


Stability and Compensation 

For wide bandwidth applications, the 1438 can achieve 
30 MHz bandwidth at 20 dB gain with a 2 pF compensation 
capacitor, as shown in Figure 4. The 1438 can operate as a 
unity-gain buffer out to 40 MHz bandwidth with 27 pF 
compensation (Figure 5). The 1438 is stable without a 
compensation capacitor in applications with gains greater 
than 30 dB, such as a video amplifier (Figure 6), where the 
gain is 70 dB and a compensation capacitor is not needed. 
Referto Figure 8to determine the required compensation for 
other gain selections. 


10 

AAA 


VVV 

Rp 



1_o 


1 U VOUT 

LJ 


■•438 -L 2pF 



Figure 4. Inverting Gain of 10 



Figure 5. 40 MHz Unity-Gain Buffer 
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Figure 6. Video Amplifier Figure 7b. Settling-Time Graph 


Settling-Time Measurements 

A typical settling-time measurement circuit for the 1438 
is shown in Figure 7a; a photograph of a typical measure¬ 
ment is shown in Figure 7b. Figure 11 presents a graph of 
settling time to either 100 mV or 10 mV versus the output 
step size. 




Figure 8. Open-Loop Gain and Phase vs Frequency 



Figure 7a. Typical Settling-Time Test Circuit Figure 9. Full-Power Bandwidth vs Inverting Gain 
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NOTES 



"P^^TELEDYNE 

COMPONENTS 


1443 


OPERATIONAL AMPLIFIER — FAST-SETTLING, 
FULLY-DIFFERENTIAL, FET-INPUT 

FEATURES GENERAL DESCRIPTION 


■ Gain-Bandwidth Product.2000 MHz 

■ Unity-Gain Bandwidth.80 MHz 

■ Slew Rate @ Acl = -1.1200 V/^s 

■ Settling Time to 0.01% (10V step)...130 ns 

■ Open Loop Gain.110 dB 

■ Output.±13V, ±130 mA 

■ Excellent Low Gain Stability 


APPLICATIONS 

■ Video Instrumentation 

■ High-Speed Follower 

■ Low Error Current Integrator 

■ Radar 

■ Video Frequency Filters 

■ Video Line Driver 


The 1443's combination of high speed, wide band¬ 
width, excellent DC characteristics, and low-gain stability 
places it at the forefront of high-performance operational 
amplifiers. Its 2 GHz gain-bandwidth product, 1200 V/ps 
slew rate (when compensated for unity gain), and 130 ns 
settling time clearly make it an outstanding high-speed 
device. It has been carefully engineered to eliminate the 
low-gain stability problems that have historically plagued 
high-speed op amps such as the BB3554. For example, as 
a unity-gain follower with a 54 pF capacitive load, the 1443 
has a small signal (3 dB) bandwidth of 120 MHz, yet still 
has 35° of phase margin, without using exotic circuit tech¬ 
niques. 

The 1443 has a fully-differential FET input followed by 
a bipolar gain stage that, together, produce excellent DC 
characteristics. Common-mode rejection ratio (CMRR) is 
80 dB (minimum). Offset voltage and bias current are 
guaranteed less than ±3 mV and -50 pA, respectively. 
Open-loop gain is 100 dB (minimum). External compensa¬ 
tion with a single capacitor allows users to tailor 1443 
performance for different applications. 

The 1443 is packaged in an 8-pin TO-3 can and is 
specified for 0°C to -i-70°C operation. The 1443 High Reli¬ 
ability (HR) version is specified for -55°C to +125°C op¬ 
eration. 


PIN CONFIGURATION 
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FAST-SETTLING, FULLY-DIFFERENTIAL 
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1443 _ 

ABSOLUTE MAXIMUM RATINGS 


Vcc Supply Voltage.+18V 

V|D Differential Input Voltage.+25V 

VicM Common-Mode Input Voltage.±Vcc 

Tc Operating Temperature Range (Case) 

1443.O^C to +70°C 

1443-HR.-55°C to -t-iaS'C 

Tstg Storage Temperature Range.-es^C to +150‘’C 


DC CHARACTERISTICS: (Note 1 ) Vcc = ±15V, Rl = 1 kQ, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1443 

Typ 

Max 

V 

Min 

t43-H 

Typ 

R 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±1 

±3 

— 

±1 

±3 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±25 

— 

— 

±25 

±75 

^ivrc 

Ib 

Input Bias Current 


— 

±10 

±50 

— 

±10 

±50 

pA 

Ib tc 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11°C 

Doubles every 11°C 

-- 

los 

Input Offset Current 


_ 

±5 

1 — I 

— 

±5 

— 

pA 

los TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11 °C 

Doubles every 11°C 

— 

Avol 

Open-Loop Voltage Gain 

D 

I— 

II 

o 

S 

100 

110 

— 

100 

110 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


70 

90 

— 

70 

90 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM= ±5V 

80 

100 

— 

80 

100 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR > 74 dB 

±7 

±9 

— 

±7 

±9 

— 

V 

Z|D 

Differential Input Impedance 


— 

10^^113 

— 

— 

10^^113 

— 

ailpF 

ZlCM 

Common-Mode Input Impedance 


— 

10^^113 

— 

— 

10^^113 

— 

QllpF 

Vo 

Output Voltage Swing 

Rl = 100Q 

±10.5 

±13 

— 

±10.5 

±13 

— 

V 

b 

Output Current 


±100 

±130 

— 

±100 

±130 

— 

mA 

Isc 

Output Short-Circuit Current 

(Note 2) 

— 

±160 

— 

— 

±160 

— 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

200 

— 

— 

200 

— 

Q 

Vcc 

Supply Voltage Range (Operating) 


±12 

±15 

±18 

±12 

±15 

±18 

V 

be 

Quiescent Supply Current 


— 

±45 

±55 

— 

±45 

±55 

mA 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 

2. The 1443 cannot withstand a continuous short-circuit to ground. 


AC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 1 kQ, Cc = short, Tc = 25°C, unless otherwise noted. 






1443 


1443-HR I 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Sr 

Slew Rate 

Rl= 1000, Acl=-1 

900 

1200 

— 

900 

1200 

— 

V/^is 

GBWP 

Gain-Bandwidth Product 

f=100 kHz, RL = 200n, 

— 

2000 

— 

— 

2000 

— 

MHz 



Cc = 0pF, f=1 MHz, 

90 

130 

__ 

90 

130 

— 

MHz 



RL = 200a, Cc= lOpF 








UGBW 

Unity-Gain Bandwidth 


— 

80 

— 

— 

80 

— 

MHz 

ts 

Settling Time (Acl = -1) 

10V step/1 % 

— 

50 

— 

— 

50 

— 

ns 



10V step/0.1% 

— 

80 

— 

— 

80 

—- 

ns 



10V step/0.01 % 

— 

130 

165 

— 

130 

165 

ns 

©n 

Input Voltage Noise Density 

f = 1 kHz 

— 

15 

— 

— 

15 

— 

nV/VHz 

Cl 

Capacitive Load (maximum w/o oscillation) 

Rl=100O, Acl=-1 

— 

>300 

— 

— 

>300 

— 

"pF 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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Figure 1. Gain and Phase vs Frequency for Variable Compensation 
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Figure 4. Gain and Phase vs Frequency for Variable Cl 
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Figure 2. Gain and Phase vs Frequency for Variable Rl 
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NOTE: Good PSRR vs frequency means smaller 
supply bypasses can be used to suppress 
supply noise feedthrough. 

Figure 5. PSRR vs Frequency 
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Figure 3. CMRR vs Frequency 



Figure 6. Utilizable Full-Power Bandwidth 
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1443 


APPLICATIONS INFORMATION 
Compensation 

The 1443's design allows users to tailor Its compensa¬ 
tion, and thereby its performance, to suit different appli¬ 
cations. The total effective compensation is an internal 5 
pF capacitor in series with whatever capacitor is placed 
between the compensation input (pin 3) and the output 
(pin1). 

To minimize low frequency (<1 MHz) slewing error and 
maximize bandwidth for higher gains (>30 dB), the external 
compensation capacitance should range from 0 pF (open) 
to 5 pF. For best transient response at lower gains, values 
greater than 5 pF are recommended. Above approximately 
15 pF, a short is recommended in lieu of a larger capacitor. 
The exact value of compensation depends on how much 
ringing and overshoot an application allows. Most low-gain 
applications will achieve best overall results by shorting pin 
1 to pin 3. 

Following selection of a compensation capacitor (Cc), a 
feedback capacitor (Cfb) niust be selected to properly 
compensate for input capacitance: 

Cfb = 2pF/(NG- 1), 
where NG = noise gain. 

Noise gain is defined as 1/p, where p is equal to the 
fraction of the output signal that is fed back to the input. Note 



NOTE: 1 \xf or larger tantalum supply bypass capacitors 
are recommended for fast-settling applications. 


Figure 7. Typical Connection 


that noise gain is the multiple of amplifier input noise which 
appears at the amplifier output. In case of low Cc, Cfb may 
be Increased to provide extra phase lead. The choice of Cfb 
is best made on the basis of permissible overshoot after Cc 
has been chosen on the basis of gain. 

Bypassing 

The traditional practice of decoupling power supply 
lines with bypass capacitors is necessary to prevent high- 
frequency oscillations resulting from power supply lead 
inductance and parasitic capacitance. Unfortunately, the 
bypass capacitor and lead Inductance form a tank circuit 
that can ring when a step change in the op-amp output forces 
a current pulse from the supply. In many cases, adding a 
dissipative element (a resistor) will damp the ringing; its 
exact value is not critical, but its presence Is. 



Figure 8. Follower Configuration 
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Figure 9. Frequency Response (As a Follower) 
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1443 


Follower 

When used as a unity-gain follower (Figure 8), the 1443 
has a 3 dB bandwidth of 120 MHz with only 1 dB of peaking, 
as shown in Figure 9. Pulse response in this configuration is 
shown in Figure 10. 

Unity-Gain Inverter 

As a unity-gain inverter (Figure 11), the 1443 has a 
typical 3 dB bandwidth of 60 MHz. It will settle quickly even 
with loads of Cl = 100 pF and Rl = 10OQ, yet will not oscillate 
if Rin is open. 



Figure 10. Follower Pulse Response 


Differential Amplifier 

Withfully-differential capabilities, the 1443 lends Itself to 
many system configurations. Figure 12 shows a typical 
configuration for the 1443 as a wideband (approximately 
15 MHz) differential amplifier with 20 dB gain. 



High-Speed Coaxial Driver 

Figure 13 shows the 1443 being used as a high-speed 
coaxial line driver. The 1443 can drive a 50t^ cable to ±5V 
with 50n terminating resistors at both ends to minimize 
reflections. Using 1% termination resistors and 50Q line, 
ghosts are attenuated at least 77 dB. Without the series 50Q 
resistor at the amplifier output, ghosts may only be attenu¬ 
ated by 38 dB. 
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HIGH-FREQUENCY 
TROUBLESHOOTING TECHNIQUES 

Parasitic Osciiiations 

With VHF operational amplifiers like the 1443, it is not 
enough to only be concerned with stability problems due to 
loop closure. Of equal concern (and often times more 
annoying) are oscillations due to parasitics. Parasitic oscil¬ 
lations are apt to arise in VHF op-amp circuits in which lead 
lengths are long (>1/2 inch), or loop areas are large (>1 
cm^) at the summing junction, feedback capacitor, power 
supply pins, or ground-return paths (from bypass capacitors 
or the amplifier case). 

For the 1443, these oscillations may contain frequen¬ 
cies up to 0.5 GHz. Therefore, you cannot always count on 
seeing them with an oscilloscope. When parasitic oscillation 
occurs, it often appears as a DC offset because circuit 
conductance nonlinearities detect its RF envelope. If what 
appears to be a DC offset is noisy and erratic, or responsive 
to the placement of your finger or a test probe, parasitic 
oscillations may be the problem. 

Parasitic oscillations are also likely if there is any sig¬ 
nificant lead length separating the amplifier output from its 
load capacitance. The lead inductance and load capaci¬ 
tance form a series LC circuit that looks like a larger and 
larger capacitor as it approaches resonant frequency from 
below. 

Even lead lengths associated with attaching an oscillo¬ 
scope probe can cause problems. For a typical scope 
probe, with the ground attached 10 cm from the measure¬ 
ment point, the ground lead and probe form a series LC 
circuit of approximately 100 nH and 12 pF. At 100 MHz 
band-edge for the 1443, the apparent probe capacitance 
will double. In parallel with already-existing circuit capaci¬ 
tances, this 24 pF may be enough to cause oscillation. A 
good practice is to wrap the ground lead around the probe 
tip. An even better practice is to use a probe socket 
(Tektronix 131-0258-00) installed in the circuit, with careful 
choice of the ground return route. 

Semiconductor capacitances and bandwidths are 
nonlinearly-dependent on voltage and current. Devices that 
oscillate at one voltage level may not oscillate at another. 


Check for op-amp oscillations at zero volt output and at 
several additional output points in each polarity. You will 
often find that oscillations exist at one or two points in the 
circuits' output range. These might be observed only as 
unexplained perturbations on the output (they may not 
appear as bursts) due to envelope detection, as previously 
discussed. 

The Finger as an Analog Development Tool 

In 15V systems, the finger can be a useful investigative 
tool, if thoughtfully applied. It can couple signals in and out 
and can also be used as a load. A well-laid-out RF op-amp 
circuit will be only slightly affected by a light touch. Dramatic 
changes reveal a sensitive point! Check a circuit by touching 
the amplifier case, the supply rails (carefully), ground, con¬ 
trol knobs, chassis parts, etc. If things change markedly 
when you touch these areas, parasitics may be the problem. 

Other Considerations 

Problems commonly associated with video amplifiers 
are naturally present in VHF circuits. Therefore, proper 
compensation of input capacitance by Cfb cannot be ig¬ 
nored. Nor can the impedance (inductance) of the ground 
return paths (though use of a ground-plane is helpful, it is 
no panacea). 

Thermai Considerations 

The 1443 has internal current limiting but can only 
withstand an output short to ground if, during the short, the 
output current is negative as often as positive during each 
100 ms period. It is not short-circuit-proof under all condi¬ 
tions. Maximum continuous junction temperature should 
be kept below +150®C. 

The case-to-ambient thermal resistance of the TO-3 
package is 0ca = 3S°C/\N. For the two output transistors, 
0JC is 95°C/W.With a 20 Vp.p output sinusoid, the effective 
0JC of these two transistors Is 65°C/W. A heat sink is 
required above -i-75°C ambient (+85°C for sinusoidal output) 
if a 2001^ load is used. With a 100Q load, a heat sink is 
required above +40°C ambient (+50°C for sinusoidal output). 
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Figure 14. Maximum Allowable Case Temperature vs Load 
Resistance With Worst-Case Power Dissipation 


Figure 15. Worst-Case Power Dissipation vs Load Resistance 









NOTES 



^N^TELEDYNE 

COMPONENTS 


1460 


OPERATIONAL AMPLIFIER — HIGH SPEED, VMOS OUTPUT 

FEATURES GENERAL DESCRIPTION 


■ Output.±31V, ±200 mA 

■ Gain-Bandwidth Product...1GHz 

■ Slew Rate.300V/|asec 

■ VMOS Output Stage 

■ No SOA Restrictions 

■ Fully Differential Input 


APPLICATIONS 

■ Video Amplifiers 

■ Video Yoke Drivers 

■ ATE Pin Drivers 

■ Driving Inductive and Capacitive Loads 


The 1460 heralds a new era in high power, wideband 
operational amplifiers. Designed for ATE signal amplifica¬ 
tion and pin driving, the 1460 surpasses the competition in 
speed (1 GHz gain bandwidth product, 300V/psec slew 
rate) and in output capability (full ±31V, ±200 mA output). 
The 1460 is a fully differential input, single-ended output 
device with internal current limiting and external compen¬ 
sation. A single capacitor allows users to tailor 1460 per¬ 
formance to different applications. 

The 1460 is ideal for high speed, high gain applica¬ 
tions that require a ±30V, high current output. It is opti¬ 
mized for gains greater than five, making it a superb choice 
for either analog or digital signal amplification at video 
frequencies. Secondary breakdown problems associated 
with most power op amps are virtually eliminated in the 
1460 through the use of a unique VMOS output stage. The 
output voltage and current are limited only by power dissi¬ 
pation and not by safe operating area curves. For any 
application in which the amplifier will be dissipating more 
than one watt of power, an external heat sink must be 
used. The thermal resistance of the 1460 is 20°C/watt 
(0jc) and 50°C/watt (0ja). Junction temperatures should 
not exceed 150°C for normal operation or 200°C for a 
short-circuit condition. 

The 1460 is packaged In an 8-pin TO-3 can. The 
standard unit is specified for 0°C to +70°C operation. The 
1460 High Reliability (HR) version is specified for-55°C to 
+125°C operation. 


PIN CONFIGURATION 



1047-1 


9-55 






HIGH SPEED, VMOS OUTPUT 
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1460 


ABSOLUTE MAXIMUM RATINGS 

Vcc Supply Voltage.±40V 

ViD Differential Input Voltage.±6V 

V|CM Common-Mode Input Voltage. 

.+Vcc to (+Vcc ■ 60V) 


Tc. 


Tstg 


Operating Temperature Range (Case) 


1460 .0°Cto +70°C 

1460-HR.-SS-^C to +125°C 

Storage Temperature Range -65°C to +150°C 


DC CHARACTERISTICS: (Note 1) Vcc =±36V, Rl = 10 ka, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1460 

Typ 

Max 

1^ 

Min 

160-H 

Typ 

R 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±1 

±5 

— 

±1 

±5 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±10 

— 

— 

±10 

±50 

pV/°C 

Ib 

Input Bias Current 


— 

±5 

±15 

— 

±5 

±15 

pA 

1b TC 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

— 

±50 

— 

— 

±50 

±150 

nA/'C 

los 

input Offset Current 


— 

±0.3 

±1.5 

— 

±0.3 

±1.5 

pA 

los TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

— 

±3 

— 

— 

±3 

— 

nA/°C 

Avol 

Open-Loop Voltage Gain 

Rl = 200a 

80 

92 

— 

80 

92 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


75 

100 

— 

75 

100 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM= -18V/+30V 

70 

85 

— 

70 

85 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR > 64 dB 

-20/+32 

-22/+34 

— 

-20/+32 

-22/+34 

— 

V 

Z|D 

Differential Input Impedance 


— 

7.5kll30 

— 

— 

7.5kll3C 

— 

OllpF 

Z|CM 

Common-Mode input Impedance 


— 

1MII6 

— 

_ 

1MII6 

_ 

OllpF 

Vo 

Output Voltage Swing 

Rl = 200a 

±30 

±31 

— 

±30 

±31 

_ 

V 

lo 

Output Current 


±150 

±200 

— 

±150 

o 

o 

cu 

±1 

~ 

mA 

Isc 

Output Short-Circuit Current 


— 

±250 

±300 

— 

±250 

±300 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

20 

— 

— 

20 


Q 

Vcc 

Supply Voltage Range (Operating) 


±15 

±36 

±40 

±15 

±36 

±40 

V 

Icc 

Quiescent Supply Current 


— 

±20 

±25 

— 

±20 

±25 

mA 


NOTES: 1 . Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


AC CHARACTERISTICS: (Note 1) Vcc = ±36V, Rl = 10 kO, Cc = 0 pF, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1460 

Typ 

Max 

14 

Min 

i60-HI 

Typ 

R 

Max 

Unit 

Sr 

Slew Rate 


— 

300 

— 

— 

300 

— 

V/ps 



Cc = 40 pF 

50 

65 

— 

50 

65 

— 

V/ps 

GBWP 

Gain-Bandwidth Product 

f = 10MHz 

— 

1000 

— 

— 

1000 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 


— 

74 

— 

— 

74 

— 

MHz 

ts 

Settling Time (Acl = - 6 , Cc = 40 pF) 

30V step/0.1% 

— 

1 

— 

— 

1 

— 

ps 



10V step/0.1% 

_1 

0.8 

— 

— 

0.8 

— 

ps 


NOTES: 1 . Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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HIGH SPEED, VMOS OUTPUT 
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1460 


STANDARD CONFIGURATION 


Rp 



APPLICATIONS INFORMATION 

In the absence of a positive supply voltage, the output 
will follow the negative supply. Should such a condition 
occur, it is possible, depending on the feedback network 
used, that the maximum allowable differential input voltage 
may be exceeded. If there is a possibility that the differential 
input voltage may exceed ±6V, input overvoltage protection, 
shown In the Standard Configuration diagram, should be 
used. 

Compensation 

For optimum performance and noise rejection, power 
supplies should be bypassed with 1 pF tantalum capacitors. 
When driving heavy loads, more bypass capacitance may 
be needed. 


Figures 1 and 2 illustrate low gain noninverting and 
inverting applications. The 1460's compensation capacitor 
for each of these applications was chosen for 10 MHz 
bandwidth operation. 

The application in Figure 3 hasa 10 MHz bandwidth and 
an inverting gain of 100 yielding 1 GHz gain bandwidth 
product. Notice that there Is no compensation capacitor on 
the 1460. No compensation capacitor is needed for gains 
over 100. However, a feedback capacitor between 1 pFand 
10 pF is recommended to compensate for the 1460's input 
capacitance. 



160 pF 



Figure 1. 10 MHz Noninverting Gain of Two Amplifier 


4 pF 



Figure 2. 10 MHz Inverting Gain of Six Amplifier 
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Figures. 10MHz Inverting Gain of 100 Figure4. Bode Plot 


Cc 

Frequency 
at Unity Gain 

Phase 

at Unity Gain 

Frequency 
at 180° 

Slew Rate 

0 pF 

74 MHz 

275° 

5 MHz 

250V/ps 

lOpF 

74 MHz 

267° 

25 MHz 

125V/^LS 

20 pF 

55 MHz 

277° 

32 MHz 

84V/ps 

40 pF 

50 MHz 

216° 

36 MHz 

50V/ps 

80 pF 

32 MHz 

165° 

37 MHz 

28V/^s 

180pF 

17 MHz 

132° 

45 MHz 

13V/ps 

330 pF 

10 MHz 

118° 

50 MHz 

7V/ps 


Figure 5. A.C. Characteristics vs Cc 
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II 

OpF 
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Figure 6. Full Power Bandwidth vs Inverting Gain 


10 Hz 100 Hz 1kHz 10 kHz 100 kHz 
FREQUENCY 


Figure 8. CMRR vs Frequency 



Figure 7. Slew Rate vs Inverting Gain 


10 Hz 100 Hz 1kHz 10 kHz 100 kHz 
FREQUENCY 


Figure 9. PSRR vs Frequency 














NOTES 



^A^TELEDYNE 

COMPONENTS 


1461 


OPERATIONAL AMPLIFIER — HIGH-SPEED, 
HIGH-POWER, VMOS-OUTPUT 


FEATURES 


GENERAL DESCRIPTION 


■ Output.±34V, ±750 mA 

■ Gain-Bandwidth Product.1 GHz 

■ Slew Rate.1000 V/ps 

■ FET Input 

■ VMOS-Output Stage 

■ No SOA Restrictions 

■ Operation (-HR).-55°C to +125°C 


APPLICATIONS 

■ Video Yoke Drivers 

■ Video Distribution Amplifiers 

■ High-Speed ATE Pin Drivers 

■ High-Accuracy Audio Amplification 

■ Driving Inductive and Capacitive Loads 


The 1461 is an extremely fast, FET-input, VMOS-out- 
put, power operational amplifier. It operates from ±15V to 
±40V supplies, has output voltages up to +34V, and output 
currents up to ±750 mA. Its unique VMOS-output stage 
eliminates the safe operating area (SOA) restrictions and 
secondary breakdown problems that plague virtually all 
other presently-available power op amps. The 146Ts abil¬ 
ity to handle high output currents at any voltage eliminates 
the intricate problems normally caused by driving capaci¬ 
tive or inductive loads. 

The 146Ts combination of speed and power charac¬ 
teristics is unmatched. Its 115 dB open-loop gain, 1 GHz 
gain-bandwidth product, and 1000 V/ps slew rate make it 
an outstanding high-speed op amp. 

The 1461 is housed in a 14-pln dual-in-line package 
with "ears" for easy mounting to heat sinks. Compensation 
is accomplished with a single external capacitor. Two ex¬ 
ternal current-limiting resistors are optional. 

The standard 1461 is specified for 0°C to -i-70°C op¬ 
eration. For high-reliability military/aerospace applications, 
the High Reliability (HR)1461 version is specified for-55°C 
to -i-125°C operation. 



PIN CONFIGURATION 


PIN 

NO. 

DESIGNATION 

PIN 

NO. 

DESIGNATION 

1 

-IN 

8 

OUTPUT 

2 

4-IN 

9 

+‘limit 

3 

NC 

10 

+Vcc 

4 

NC 

11 

COMPENSATION 

5 

-Vcc 

12 

COMPENSATION 

6 

-•limit 

13 

OFFSET ADJUST 

7 

NC 

14 

OFFSET ADJUST 


NC = NO INTERNAL CONNECTION 


1461 
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ABSOLUTE MAXIMUM RATINGS 

Vcc Supply Voltage.+45V Tstg Storage Temperature Range.-65‘’Cto+150‘’C 

V|D Differential Input Voltage.±25V 0JC Output Transistor Junction-to-Case 

VicM Common-Mode Input Voltage.±Vcc Thermal Resistance.11 °C/W 

Tc Operating Temperature Range (Case) 

1461.0°Cto+70°C 

1461-HR. -55°C to +125‘>C 

DC CHARACTERISTICS: (Note 1) Vcc = ±36V, Rl = 10 kQ, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1461 

Typ 

Max 

Min 

>61-H 
Typ 

R 

Max 

!- 

Unit 

Vos 

Input Offset Voltage 


— 

±0.5 

±5 

— 

±0.5 

±5 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±25 

— 

— 

±25 

±75 

^V/°C 

Ib 

Input Bias Current 


— 

±10 

±100 


±10 

±100 

pA 

Ib tc 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11 °C 

Doubles every 11°C | 

— 

los 

Input Offset Current 


— 

±5 

I — I 


±5 

— 

! pA 

los TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11 °C 

Doubles every 11 °C | 

— 

Avol 

Open-Loop Voltage Gain 


100 

115 

— 

100 

115 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


— 

100 

— 

— 

100 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM = ±22 V 

90 

108 

_ 

90 

108 

_ 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR > 84 dB 

±24 

±28 

— 

±24 

±28 

— 

V 

Z|D 

Differential Input Impedance 


— 

10^^113 

— 

— 

10^1113 

— 

QllpF 

Z|CM 

Common-Mode Input Impedance 


— 

1011|I3 

— 

— 

101^113 

— 

QllpF 

Vo 

Output Voltage Swing 


±30 

±34 

_ 

±30 

±34 

_ 

V 



Rl =50Q 

±27 

±29 

— 

±27 

±29 

— 

V 

lo 

Output Current 


±600 

±750 

— 

±600 

±750 

— 

mA 

Isc 

Output Short-Circuit Current 

Note 2 

— 

±800 

— 

— 

±800 

— 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

10 

— 

— 

10 

— 

O 

Vcc 

Supply Voltage Range (Operating) 


±15 

±36 

±40 

±15 

±36 

±40 

V 

Icc 

Quiescent Supply Current 


— 

±20 

±25 

— 

±20 


mA 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 

2. Internally current limited. May be limited to lower current using external resistors. 


AC CHARACTERISTICS: (Note 1) Vcc = ±36V, Rl = 10 kQ, Cc = 0 pF, Tc = 25°C, unless otherwise noted. 






1461 


1461-HR 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Sr 

Slew Rate 

Rl>i ka 

700 

1000 

— 

700 

1000 

— 

V/)j.s 



Cc = 30pF, Rl>1 ka 

— 

150 

— 

— 

150 

— 

V/iis 

GBWP 

Gain-Bandwidth Product 

f=100 kHz 

800 

1000 

— 

800 

1000 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 

Cc = 20 pF 

— 

15 

— 

— 

15 

— 

MHz 

ts 

Settling Time (Acl = -1, Cc = 30 pF) 

25V step/1 % 

— 

350 

— 


350 

— 

ns 



25 V step/0.1% 

— 

0.5 

1 

— 

0.5 

1 

PS 



10V step/1 % 

— 

250 

— 

— 

250 

— 

ns 



10V step/0.1% 

— 

400 

— 

— 

400 

-- 

ns 

®n 

Input Voltage Noise Density 

f = 1 kHz 

— 

15 

— 

— 

15 

— 

nV/VHz 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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APPLICATIONS INFORMATION 
Compensation 

The 1461 is externally compensated with a single 
capacitor. The gain bandwidth and slew rate of this device 
are related to the value of the capacitor by the following 
approximations: 

Slew Rate = (0.006/Cc) V/sec 

Gain Bandwiih = (0.001/Cc) Hz 

These formulas are accurate for Cc ranging down to a 
value of 5-10 pF, at which point circuit parasitics begin to 
take effect and limit the gain-bandwidth product to about 
1 GHz and the slew rate to approximately 1000 V/ps. 

In order to ensure stability when using the 1461, the 
value of the compensation capacitor must be such that the 
result of the gain-bandwidth product divided by the noise 
gain is less than 15 MHz. This amplifier can maintain a 
15 MHz bandwidth up to noise gains of 10-20 dB by proper 
adjustment of the compensating capacitance. 

Teledyne Components defines noise gain as 1/p, where 
P Is equal to the fraction of the output signal that is fed back 
to the inverting input. Note that noise gain is the multiple of 
the amplifier input noise that appears at the amplifier output. 

Current Limiting 

Internal to the 1461 are two 0.8Q resistors that limit 
maximum output current to approximately 750 mA. Output 
current can be further limited by the use of two external, 
user-supplied resistors. One resistor (+Rsc) linnits the 



Q I _I_I_I_^_I__ I 

10 100 Ik 10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


lU 

V) 

< 

I 

o. 


positive current, the other resistor (-Rsc) limits the negative 
current. To determine the value of the limiting resistors, the 
following approximation can be used: 


±Rsc = [(0.65/Ilimit) - 0.8p 

During initial testing, it is recommended 10^2 resistors 
be used for +Rsc and -Rsc, to minimize the possibility of 
damage to the amplifier during circuit verification. 

Thermal Considerations 

The physics of standard bipolar output devices lead to 
a problem known as thermal runaway. This phenomenon is 
due to the fact that as a transistor gets hot it conducts more 
current for any given Vbe, and the more current It conducts 
the hotter it gets. This cycle continues until the transistor 
eventually destroys itself. This phenomenon also occurs in 
small regions of the base of a transistor. If heat is not given 
time to dissipate from these hot spots, the transistor will 
destruct at power levels far below that which the device 
could normally withstand. This Is called secondary break¬ 
down and is the reason for safe operating curves on most 
power op-amp data sheets. 

The 1461 has a VMOS-output stage. Since field effect 
transistors do not exhibit thermal runaway, they do not suffer 
from secondary breakdown problems. Output voltages and 
currents are limited only by power dissipation and not by 
safe operating curves. However, heat sinking may be required 
to ensure maximum allowablejunctlon temperatures are not 
exceeded. 

Example: On the 146Ts thermal derating curves, the 
slope of the Infinite heat sink line Is 11°C/W. This is the 
thermal resistance (0jc) from each VMOS. Assuming each 
VMOS junction dissipates 4W, maximum ambient tem¬ 
perature (Ta) Is +70°C, and maximum allowable junction 
temperature (Tj) is +150°C, the necessary thermal resis¬ 
tance of the heat sink can be determined as follows: 

1. Assuming the device has a complementary output 
stage and the thermal rise (junction-case) of each 
VMOS-output transistor does not affect the other, 
calculate the maximum amount of power dissipated 
for each of the two output devices (5W and 4W for this 
example). Using the higher power dissipation num¬ 
ber, determine the maximum allowable case tem¬ 
perature (Tc): 

Tc = Tj - PvMOSi (9jc) 

Tc = +150°C - (5W) (11 °C/W) 

Tc = +95°C 


Figure 1. Bode Plot 
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2. Calculate maximum total power dissipation (Pj) for 
the 1461 (assuming ±36V supply and 20 mA quies¬ 
cent current): 

Pt = (72V) (20 mA) + 5 Wvmosi + 4 Wvmos 2 
Pt = 10.44W 

3. Calculate thermal resistance (0ca) of the heat sink 
needed to dissipate this power: 

9c A = (Tc-Ta)/Pt 
0CA = (95°C-70°C)/10.44W 
= 2.4°C/W 

Lead Inductance 

The high frequencies and high-current levels involved 
with the 1461 necessitate a closer look at the phenomenon 
of lead inductance. A single 22-gauge wire has a lead 
inductance of 0.636 pH/ft. This inductance can become 
significant when large rates of dl/dt are demanded at the 
output. 

For example, if as much as 4 inches of wire is used to 
connect pin 9 to pin 10 (the + current-limiting terminals), this 
wire would have an inductance of 212 nH. At 10 MHz, this 
inductance would have an effective impedance of 13.3n. This 
resistance would limit the output current to only 42.5 mA. If 
the unit were driving a 50Q load, the effective slew rate 
would be limited to: 

dl/dt = 0.6/L = 2.82 A/ps, 

yielding a maximum slew rate of 141 V/ps, far less than the 
capability of this device. 

Skin Effect 

Skin effect, though not quite as important as lead 
inductance, can also cause problems in high-frequency, 
high-power designs. The current flowing in a conductor 
establishes a magnetic field around the conductor. This 
causes the distribution of current flow to vary as a function 
of frequency. At higher frequencies, current is forced to the 
surface of the conductor, effectively yielding a much smaller 
wire. The effective resistance of the wire increases with the 
frequency according to the following formula: 

Rac = K (Vf) Rdc, 

where f is frequency in MHz and K Is a factor that varies 
with wire size and type. 


Example: A 1 -foot 22-gauge wire wi|l have the following 
effective resistance at 10 MHz: 

K = 6.86 
RDC = 0.016n/ft 

Rac = (6.86) (ViO ) (0.016) = 0.347^ 

Even as little as 0.3471^ can decrease output current ca¬ 
pabilities of the 1461 by as much as 30%. 

It should be clear fromthis review of lead inductance and 
skin effect that short lead lengths are necessary in fast, high- 
power applications. 

Standard Configuration 

The 1461 in a standard inverting amplifier configuration 
(including compensation capacitor, current-limiting resis¬ 
tors, and offset adjusting potentiometer) is shown in Figure 
2. To meet specified performance and avoid output oscilla¬ 
tions, power supplies should be bypassed as shown. The 
100 pF capacitors are needed when driving heavy loads at 
high frequencies. 
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Figure 2. Standard Inverting Configuration 
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Capacitive Loads 

The 1461 can be used with a compensation networkthat 
can compensate for almost any value of capacitive load 
(Figure 3). First, choose Cc for operation without a capaci¬ 
tive load. Then choose a series compensation resistor, Rc, 
such that RcCc = RintCl, where Rint is approximately 1 0<^. 



Figure 3. Capacitive Load Driver 


Yoke Driver 

The absence of secondary breakdown makes the 1461 
an excellent choice for driving electron-beam-deflection 
yokes, with settling times as low as 2-3 ps for a 0.5A step. 
For inductive load compensation, choose RcCc = L/R. (See 
Figure 4.) 


Video Amplifier 

The 1461 as a video distribution amplifier (Figure 5) can 
directly drive 10 coax cables. At a gain of 16 or higher, a 
compensation capacitor is not needed. 



Figure 5. Video Distribution Amplifier 


Audio Amplifier 

The 1461 has plenty of output current to drive the large 
base current requirements of high-power transistors. (See 
Figure 6.) 
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Inverting Unity Gain 

The 1461 can drive a 50Q load in an inverting unity-gain 
configuration as shown in Figure 7. The recommended 
compensation for this application is 20 pF. 



Figure 7. Inverting Unity Gain 
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Vcc-Vout(V) 


Figure 11. Output Voltage vs Output Current 


1461 



100k 200k 500k 1M 2IVI 5M 

FREQUENCY (Hz) 


Figure 13, Quiescent Current vs Operating Frequency (Rl = «) 



100 300 500 700 

SETTLING TIME (ns) 


Figure 12. Settling Time vs Output Voltage Step Size 





NOTES 
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COMPONENTS 


1468 (TCPA12) 


OPERATIONAL AMPLIFIER — HIGH-VOLTAGE, 
VERY-HIGH-POWER 


FEATURES 


■ High-Output Current Guaranteed.±10A (Peak) 

■ Unity-Gain Stable 

■ Gain-Bandwidth Product 

(Single-Pole Rolloff).4 MHz 

■ Slew Rate.5V/|is 

■ Voltage Supplies.±10V to ±50V 


■ Pin/Performance Compatible with PA-12, OPA512 

APPLICATIONS 

■ Motor Drives 

■ Magnetic Deflection Circuits 

■ Programmable Power Supplies 

■ High-Power Servo Amplifiers 

■ Audio Amplifiers (to 120W rms) 


GENERAL DESCRIPTION 

The 1468 is a high-voltage, very-high-power opera¬ 
tional amplifier. It can operate over a wide range of supply 
voltages (±10V to ±50V) and has a guaranteed minimum 
output current of ±10A (peak). The output stage is biased 
Class AB for low crossover distortion and optimum linear¬ 
ity. It Is also protected against back-EMF which is encoun¬ 
tered when driving inductive loads, such as motors or 
solenoids. 

With an 8Q load, the 1468's open-loop gain Is 96 dB 
minimum, 108 dB typical. Input offset voltage is ±2 mV and 
input bias current is 12 nA. The 1468 is Internally compen¬ 
sated for unity gain and delivers excellent dynamic perfor¬ 
mance for a device of this type. Slew rate Is a fast 5V/ps 
and unity-gain bandwidth is an impressive 4 MHz. 

The 1468 Is housed in an 8-pin TO-3 can. The stan¬ 
dard product is specified for -25°C to -i-85°C operation. 
The 1468 High Reliability (HR) version is specified for 
-55°C to +125°C operation. 


STANDARD CONFIGURATION 



1060-1 
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OPERATIONAL AMPLIFIER 


1468 (TCPA12) 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


Vcc 

Supply Voltage. 

.+50V 

Tstg 

Storage Temperature Range... 

....-65“Cto+150°C 

V|D 

Differential Input Voltage. 

.+(IVccl-3V) 

Tj 

Junction Temperature 


V|CM 

Common-Mode Input Voltage ... 

.±Vcc 


(Output Transistor) (Note 1)..... 

.+200‘’C 

lo 

Output Current. 

.+15A 

9jc 

Junction-to-Case Thermal Resistance 

Pd 

Internal Power Dissipation. 

.125W 


(Output Transistor) (Note 2). 

. 0.9°CM @ AC 

Tc 

Operating Temperature Range (Case) 



1.4°C/W @ DC 


1468 . 

.-25°C to +85'’C 





1468-HR. 

...-55°C to +125°C 





NOTES: 1. Prolonged operation at maximum junction temperature will result in reduced product life. Derate internal power 
dissipation to achieve high MTBF. 

2. AC rating applies if the output current alternates between both output transistors at a rate greater than 60 Hz. 


DC CHARACTERISTICS: (Note 1) Vcc = ±40V, Rl = 1 kn, Tc = 25°C, unless otherwise noted. 






1468 


1468-HR 1 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±2 

±6 

_ 

±2 

±6 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±10 

— 

— 

±10 

±65 

pV/“C 

Ib 

Input Bias Current 


— 

±12 

±30 

— 

±12 

±30 

nA 

IbTC 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

— 

±50 

— 

— 

±50 

±400 

pA/°C 

los 

Input Offset Current 


— 

±12 

±30 

— 

±12 

±30 

nA 

los TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

— 

±50 

— 

— 

±50 

o 

±1 

pA/°C 

Avol 

Open-Loop Voltage Gain 


— 

110 

— 

— 

110 

— 

dB 



a 

00 

II 

cn 

96 

108 

— 

96 

108 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


74 

90 

— 

74 

90 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM = ±33V 

74 

100 

— 

74 

100 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR >68 dB 

±35 

±37 

— 

±35 

±37 

— 

V 

ZiD 

Differential Input Impedance 


— 

200M113 

— 

— 

200MII3 

— 

QllpF 

Vo 

Output Voltage Swing 

< 

uo 

II 

1- 

=3 

o 

±35 

— 

— 

±35 

— 

— 

V 



loUT = 10A 

±34 

— 

— 

±34 

— 

— 

V 

lo 

Output Current 

Peak 

±10 

— 

— 

±10 

— 

— 

A 

Isc 

Output Short-Circuit Current 

Note 2 

— 

— 

— 

_ 

— 

— 

A 

Ro 

Output Resistance (DC Open-Loop) 


— 

2 

— 

— 

2 

— 

a 

Vcc 

Supply Voltage Range (Operating) 


±10 

±40 

±45 

±10 

±40 

±45 

V 

Icc 

Quiescent Supply Current 


— 

±25 

±50 

— 

±25 

±50 

mA 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 

2. Current limiting is set by user via external resistors. 
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HIGH-VOLTAGE, VERY-HIGH-POWER 
OPERATIONAL AMPLIFIER 


1468(TCPA12) 


AC CHARACTERISTICS: (Note 1) Vcc = ±40V, Rl = 1 kQ, Tc = 25°C, unless othenwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1468 

Typ 

Max 

V 

Min 

t68-H 

Typ 

IR 

Max 

I 

Unit 

Sr 

Slew Rate 


2.5 

5 

— 

2.5 

5 

— 

V/ps 

GBWP 

Gain-Bandwidth Product 

f = 1 MHz, Rl = 8Q 


4 

_ 

— 

4 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 



4 

— 


4 

— 

MHz 

ts 

Settling Time (Acl = -1 ) 

2 V step/0.1% 

— 

2 

— 


2 

— 

ps 

©n 

Input Voltage Noise Density 

f = 1 kHz 

_ 1 

16 

— 

— 

16 

— 

nV/VHz 

in 

input Current Noise Density 

f = 1 kHz 

_ 

0.18 

—■ 

— 

0.18 

— 

pA/VHz 

Cl 

Capacitive Load (Maximum w/o oscillation) 

> 

o 

II 

-1- 

1500 

— 

SOA 

1500 

— 

SOA 



NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


Output Current Limiting 

The 1468 output can be current limited using the±lLiMiT 
formulas shown in the standard configuration diagram. In 
some applications, foldover current limiting can be used to 
allow increased output current as the 1468 output ap¬ 
proaches the power supply rail voltage. To calculate the 
foldover current limit, use the formula for Ipo shown in the 
diagram. The following procedures should be followed: 

1 . Calculate a value for Rcl that provides a safe current 
limit at Vo = OV. 


2. Calculate the maximum value of Ifo* by using a value 
of OQ. for Rpo- This is the maximum current limit 
possible using the foldover current-limit option. 

3. Calculate a value for Rfo using the value for Rcl 
calculated in step 1, and a desired Ifo limit which Is 
lower than the maximum limit calculated in step 2. 

*This calculation assumes the output voltage (Vo) is the same polarity 
as the current carrying supply voltage. If not, Invert the polarity of Vo 
before making this calculation. 



0 10 100 Ik 10k 100k IM 10M 

FREQUENCY (Hz) 


Figure 1. Bode Plot 


BOND WIRE LIMITED 



VOLTAGE (V) 


Figure 2. Safe Operating Area (SOA) 
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COMPONENTS 


1480 


OPERATIONAL AMPLIFIER — FAST-SETTLING, HIGH-VOLTAGE 


FEATURES 

■ Output.±143V, ±100 mA 

■ Settling Time (100V Step to ±0.01%).2.5 ^ts Max 

■ Common-Mode Voltage.±140V 

■ Input Overvoltage and Output Short-Circuit 
Protected 

■ Standard TO-3 Can 

■ BB3583 Compatible with Improved 
AC Performance 

■ Operating Temperature (-HR).-55°C to +125'’C 

APPLICATIONS 

■ ATE Pin Drivers 

■ Electrostatic Deflection 

■ High-Voltage DACs 


GENERAL DESCRIPTION 

The 1480 is a fully-differential FET-input operational 
amplifier capable of operating over a voltage supply range 
of ±15V to ±150V with common-mode and output voltages 
ranging to within 10V of the supply voltages, and output 
currents of up to ±100 mA. The 1480 is pin compatible with 
the BB3583, but has superior time and frequency perfor¬ 
mance. Gain-bandwidth product is 18 MHz, slew rate is 
lOOV/ps, and unity-gain bandwidth is 5 MHz. 

The input of the 1480 is fully protected. It can with¬ 
stand common-mode voltages to ±( I Vcc I +5)V, differential 
voltages to 450V, and input voltage slew rates to 150 kV/ 
ps. Output current is short-circuit limited at ±125 mA. The 
true differential FET-input (typical CMRR is 125 dB) limits 
input bias current to ±200 pA (maximum). The bias and 
offset current drifts are small enough to greatly reduce the 
large offset drifts normally associated with high-voltage 
circuits. 

The 1480 is packaged in a TO-3 metal can and is 
specified for 0°C to +70°C operation. The 1480 High Reli¬ 
ability (HR) version is specified for -55°C to +125°C op¬ 
eration. 


NORMAL INVERTING OPERATION 


Rf 



NOTE: The metal case is electrically isolated. It is 

recommended that it be grounded during use. 


1049-1 
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FAST-SETTLING, HIGH-VOLTAGE 
OPERATIONAL AMPLIFIER 


1480 


PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


Vcc 

Supply Voltage. 

.+160V 

Tc 

Operating Temperature Range (Case) 

V|D 

V|CM 

Differential Input Voltage (Note 1)... 

Common-Mode Input Voltage. 

Input Slew Rate (Notes 1,2). 

.+450V 

....±(Vcc +5)V 
....±150 kV/^s 

Tstg 

1480 . 

1480-HR. 

Storage Temperature Range... 

.0°Cto -i-70°C 

...-55'='Cto+125°C 

...-65°Cto+150“C 


NOTES: 1. Includes power-off conditions. 

2. The high differential voltage and dv/dt ratings of the input prevent input stage blowout even if the input is directly shorted to either rail. 
Such shorts do stress the input, however, and we cannot guarantee protection for durations exceeding a few seconds. 


DC CHARACTERISTICS: (Note 1) Vcc = ±150V, Rl = 10 kn, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1480 

Typ 

Max 

Min 

180-HI 

Typ 

R 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±1 

±3 

— 

±1 

±3 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±15 

— 

— 

±15 

±100 

pV/°C 

Ib 

Input Bias Current 


— 

±50 

±200 

— 

±50 

±200 

PA 

o 

I- 

m 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 1 rC 

Doubles every 11°C | 

— 

bs 

Input Offset Current 


— 

±40 

— 

— 

^40 

El 

pA 

bs TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11°C 

[Doubles every 11°C I 


Avol 

Open-Loop Voltage Gain 


— 

120 

— 

— 

120 

— 

dB 



Rl= 1.8 kQ 

95 

115 

— 

95 

115 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


100 

120 

— 

100 

120 

_ 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM= ±130 

110 

125 

— 

110 

125 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR >104 dB 

±135 

±140 

— 

±135 

±140 

— 

V 

ZiD 

Differential Input Impedance 


— 

1011|I5 

— 

— 

lO^^IIS 

— 

QllpF 

Z|CM 

Common-Mode Input Impedance 


— 

10^1113 

— 

— 

10^^113 

— 

OllpF 

Vo 

Output Voltage Swing 

Rl= i.skn 

±140 

±143 

— 

±140 

±143 

— 

V 

lo 

Output Current 


±75 

±100 

— 

±75 

±100 

— 

mA 

Isc 

Output Short-Circuit Current 

Rl = 5000 (Note 2) 

— 

±125 

— 

— 

±125 

— 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

200 

— 

— 

200 

— 

Q 

Vcc 

Supply Voltage Range (Operating) 


±15 

— 

±150 

±15 

— 

±150 

V 

Icc 

Quiescent Supply Current 


— 

±10 

±12 

— 

±10 

±12 

mA 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 

2. The 1480 is short-circuit protected to ground or either supply for supply voltages totaling <100V. It is short-circuit protected to ground only 
for supplies totalling up to 160V. 
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FAST-SETTLING, HIGH-VOLTAGE 
OPERATIONAL AMPLIFIER 


1480 


AC CHARACTERISTICS: (Note 1) Vcc = ±150V, Rl = 10 kQ, Tc = 25°C, unless otherwise noted. 






1480 


1480-HR 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Sr 

Slew Rate 


— 

100 

— 

— 

100 

— 

V/ps 

GBWP 

Gain-Bandwidth Product 

f=100 kHz 

— 

18 

— 

— 

18 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 


— 

5 

— 

— 

5 

— 

MHz 

ts 

Settling Time (Acl = -10) 

100 V step/0.1% 

— 

1 

1.5 


1 

1.5 

ps 



100V step/0.01 % 

— 

1.5 

2.5 

— 

1.5 

2.5 

ps 

®n 

Input Voltage Noise Density 

f = 1 kHz 

— 

20 

— 

— 

20 

— 

nV/VHz 

Cl 

Capacitive Load (Maximum w/o oscillation) 


100 

250 

— 

100 

250 

— 

pF 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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^^^^TELEDYNE 

COMPONENTS 


1481 


OPERATIONAL AMPLIFIER — HIGH-VOLTAGE 


FEATURES 

■ Output.±70V, ±100 mA 

■ Fully Differential FET Input 

■ Wide Supply Range.±15V to ±75V 

■ Input Overvoltage Protected 

■ Output Current Limited at ±125 mA 

APPLICATrONS 

■ ATE Pin Drivers 

■ Electrostatic Deflection 


GENERAL DESCRIPTION 

The 1481 is a high-voltage operational amplifier capable 
of operating with supply voltages as high as ±75V or as low 
as ±15V. It can provide output voltage swings as high as 
±70V with output currents to ±100 mA (short circuit limited 
to ±125 mA). The cascoded FET input stage Is fully over¬ 
voltage protected. 

This operational amplifier features a 25V/p.s slew rate 
and a 4.5 MHz unity-gain bandwidth. Maximum input offset 
voltage is ±3 mV, and minimum open-loop gain Is 94 dB 
(full load). The Class AB output stage can drive up to 
10,000 pF capacitive loads at closed-loop gains of 10 or 
more. Pin compatible with the BB3581, the 1481 features 
more than double the output current capability of Its 
competitor's and faster settling time. 

The 1481 is packaged in an 8-pin TO-3 can. The 
standard unit is specified for 0°C to +70°C operation. The 
1481 High Reliability (HR) version Is specified for-55°C to 
+125°C operation. 


NORMAL INVERTING OPERATION 


Rf 



NOTE: The metal case is electrically isolated. 

It is recommended the case be grounded 
during use. 


PIN CONFIGURATION 



1050-1 
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HIGH-VOLTAGE 
OPERATIONAL AMPLIFIER 


1481 _ 

ABSOLUTE MAXIMUM RATINGS 


Vcc Supply Voltage.±80V 

ViD Differential Input Voltage.±Vcc 

VicM Common-Mode Input Voltage.±Vcc 

Tc Operating Temperature Range (Case) 

1481 ...0°Cto+70^C 

1481-HR.-55°C to +125°C 


Tstg Storage Temperature Range.-65°C to +150°C 

0JC Output Transistor Junction-to-Case Thermal. 

Resistance.6°C/W 


DC CHARACTERISTICS: (Note 1) Vcc = ±75V, Rl = 10 kQ, Tc = 25°C, unless otherwise noted. 






1481 


1481-HR 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±1 

±3 

— 

±1 

±3 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±15 

— 

— 

±15 

±50 

hV/°C 

Ib 

Input Bias Current 



±10 

±100 

— 

±10 

±100 

pA 

Ib TC 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11°C | 

Doubles every 11°C 

— 

los 

Input Offset Current 


1 — 1 

±10 


— 

±10 

— 

pA 

los TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 1 rC 

Doubles every 1 rC 

— 

Avol 

Open-Loop Voltage Gain 


— 

108 

_ 

— 

108 

— 

dB 



Rl = 8500 

94 

106 

— 

94 

106 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


70 

94 

— 

70 

94 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM= ±60 

70 

94 

— 

70 

94 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR ^ 64 dB 

±65 

±70 

— 

±65 

±70 

— 

V 

ZiD 

Differential Input impedance 


— 

101^116 

— 

— 

101^116 

— 

QllpF 

Z|CM 

Common-Mode Input Impedance 


— 

10^1113 

— 

— 

10^1113 

__ 

QllpF 

Vo 

Output Voltage Swing 


— 

±73 

___ 

— 

±73 

— 

V 



Rl = 8500 

±68 

±70 

__ 

±68 

±70 

— 

V 

lo 

Output Current 


±80 

±100 

— 

±80 

±100 

— 

mA 

Isc 

Output Short-Circuit Current 

Rl =3300 

— 

±125 

±150 

— 

±125 

±150 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

100 

— 

— 

100 

— 

a 

Vcc 

Supply Voltage Range (Operating) 


±15 

— 

±75 

±15 

— 

±75 

V 

Icc 

Quiescent Supply Current 


— 

±11 

±15 

— 

±11 

±15 

mA 


NOTES: 1 . Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


AC CHARACTERISTICS: (Note 1) Vcc = ±75V, Rl = 10 kQ, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1481 

Typ 

Max 

14 

Min 

81-H 
Typ 

R 

Max 

Unit 

Sr 

Slew Rate 



25 

— 

— 

25 

— 

V/ps 

GBWP 

Gain-Bandwidth Product 

f=100 kHz 

— 

7.5 

— 

— 

7.5 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 


3 

4.5 

— 

3 

4.5 

— 

MHz 

ts 

Settling Time (Acl = -1) 

10OV step/0.1% 

— ' 

7.5 

__ 

— 

7.5 

— 

ps 

©n 

Input Voltage Noise Density 

f = 1 kHz 

— 

20 


— 

20 

— 

nV/VHz 

Cl 

Capacitive Load (Maximum w/o oscillation) 

o 

Al 

10,000 

— 

— 

10,000 

— 

— 

PF 


NOTES: 1 . Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


9-78 











^^^TELEDYNE 

COMPONENTS 


1482 


OPERATIONAL AMPLIFIER — HIGH-VOLTAGE 


FEATURES 


GENERAL DESCRIPTION 


■ Output.±70V, ±40 mA 

■ Fully Differential FET Input 

■ Wide Supply Range.±15V to ±75V 

■ Input Overvoltage Protected 

■ Output Current Limited at ±65 mA 

■ Low Supply Current.±6.5 mA 


APPLICATIONS 

■ ATE Pin Drivers 

■ Electrostatic Deflection 


The 1482 isa high voltage operational amplifier capable 
of operating with supply voltages as high as ±75V, or as low 
as±15V. It can provide output swings as high as ±70V with 
output currents to ±40 mA (short circuit limited to ±65 mA). 
The cascoded FET input stage Is fully overvoltage protected. 

This op amp features a 25V/pS slew rate and a 7.5 MHz 
unity gain-bandwidth. Maximum input offset voltage is 
±3 mV, and minimum open loop gain is 94 dB (full load). The 
class AB output stage can drive up to 10,000 pF capacitive 
loads at closed loop gains of ten or more. The 1482 is pin 
and performance compatible with the BB3581, but with 
faster settling time. 

The 1482 Is packaged in an 8 pin, TO-3 package. The 
standard unit Is specified for O^’C to +70°C operation. The 
1482 High Reliability (HR) version is specified for -55°C to 
+125X operation. 



NORMAL INVERTING OPERATION 


Rp 



NOTE: The metal case is electrically isolated. 

It is recommended the case be grounded 
during use. 


PIN CONFIGURATION 
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HIGH-VOLTAGE 
OPERATIONAL AMPLIFIER 


1482 


ABSOLUTE MAXIMUM RATINGS 


Vcc 

Supply Voltage. 

.+80V 

Tstg 

Storage Temperature Range... 

...-65°Cto-Hl50X 

V|D 

Differential Input Voltage. 

.+Vcc 

Ojc 

Output Transistor Junction-to-Case Thermal 

ViCM 

Tc 

Common-Mode Input Voltage. 

Operating Temperature Range (Case) 

.±Vcc 


Resistance. 

.12°C/W 


1482 .O^C to +70‘>C 

1482-HR.-55°C to +125‘’C 


DC CHARACTERISTICS: (Note 1) Vcc = ±75V, Rl = 10 kQ, Tc = 25°C, unless otherwise noted. 






1482 


1482-HR 1 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±1 

±3 

— 

±1 

±3 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±15 

— 

__ 

±15 

±50 

^V/°C 

Ib 

Input Bias Current 


— 

±10 

±100 

— 

±10 

±100 

pA 

Ib tc 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11 °C 

Doubles every 11°C 

— 

los 

Input Offset Current 


— 

±10 

1 — 1 

1_ 

±10 

L i 

pA 

los tc 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11 °C 

Doubles every 11°C 

— 

Avol 

Open-Loop Voltage Gain 


— 

108 

— 

— 

108 

— 

dB 



Rl = 2 kQ 

94 

106 

— 

94 

106 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


70 

94 

— 

70 

94 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM= ±60 

70 

94 

— 

70 

94 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR >64 dB 

±65 

±70 

— 

±65 

±70 

— 

V 

Z|D 

Differential Input Impedance 


— 

101^116 

— 

— 

10^1116 

— 

QllpF 

Z|CM 

Common-Mode Input Impedance 



lo^hia 

— 

— 

10^^113 

— 

QllpF 

Vo 

Output Voltage Swing 


— 

±73 

— 

_ 

±73 

_ 

V 



RL=2ka 

±68 

±70 

— 

±68 

±70 

— 

V 

lo 

Output Current 


±35 

±40 

— 

±35 

±40 

— 

mA 

Isc 

Output Short-Circuit Current 

Rl =680Q 

— 

±65 

±80 

“ 

±65 

±80 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

100 

— 

— 

100 

— 

a 

Vcc 

Supply Voltage Range (Operating) 


±15 

— 

±75 

±15 

— 

±75 

V 

Icc 

Quiescent Supply Current 


— 

±6.5 

±8 

— 

±6.5 

±8 

mA 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


AC CHARACTERISTICS: (Note 1) Vcc = ±75V, Rl = 10 kO, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

1482 

Typ 

Max 

14 

Min 

82-H 

Typ 

R 

Max 

Unit 

Sr 

Slew Rate 


__ 

25 

— 

— 

25 

— 

V/ps 

GBWP 

Gain-Bandwidth Product 

f=100 kHz 

— 

9 

— 

— 

9 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 


5 

7.5 

_ 

5 

7.5 

— 

MHz 

ts 

Settling Time (Act = -1 ) 

100V step/0.1% 

— 

7.5 

— 

— 

7.5 

— 

ps 

©n 

Input Voltage Noise Density 

II 

— 

20 

— 

— 

20 

— 

nV/VHz 

•n 

Input Current Noise Density 

f = 1 kHz 

— 

— 

— 

— 

— 

— 

pA/VHz 

Cl 

Capacitive Load (Maximum w/o oscillation) 

IV 

o 

10,000 

— 

— 

10,000 

— 

— 

PF 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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^A^TELEDYNE 

COMPONENTS 


4856 


LOW COST MICROCIRCUIT 
SAMPLE/HOLD AMPLIFIER 


FEATURES 


■ Gain-Bandwidth Product.2.5 MHz 

■ Acquisition Time to 0.1%.2.3 )asec 

■ S lew Rate.5V/^isec 


■ Ultra-Versatile: Inverting, Non-inverting, 
With or Without Gain 

■ Wide Temperature Range Version Available 

APPLICATIONS 

■ Data Acquisition Systems 

■ Analog Memories 

■ Data Distribution Systems 

■ Deglitch Circuits 


GENERAL DESCRIPTION 

The 4856 is a high performance sample/hold amplifier 
for applications requiring high speed and small size. This 
unit has been designed for maximum versatility in circuit 
design and "tailoring" of specifications. With a minimum of 
external components, the 4856 can be used inverting or 
non-inverting, with or without gain. In the sample mode, the 
4856 acts as an op amp and any of the standard op amp 
feedback circuits may be externally connected to control 
such parameters as gain and frequency response. 

In addition, the externally connected hold capacitor 
enables the user to achieve the best compromise between 
acquisition time and droop rate for the particular application. 
A standard device is specified for 0°C to +75°C. The High 
Reliability (HR) version is specified for -55°C to +125°C 
temperature range. 


BLOCK DIAGRAM 



NOTES; 1. Use Cermet Potentiometer 

2. Ch should be a polystyrene, mica, or 
teflon capacitor. The value of Cnto 
be determined from Figure 1. 
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LOW COST MICROCIRCUIT 
SAMPLE/HOLD AMPLIFIER 


4856 


PIN CONFIGURATION 


Pin 

No. 

Designation 

Pin 

No. 

Designation 

□: 

□: 

d 

□: 


33 

33 

33 

33 

1 

-IN 

8 

NC 


2 

-hIN 

9 

+y 


3 

OFFSET ADJUST 

10 

NC 

4856 

4 

OFFSET ADJUST 

11 

HOLD CAP. 

d 


33 

5 

-V 

12 

NC 

d 


Z1 

6 

NC 

13 

GND 

d 


Zl 

7 

OUT 

14 

SAMPLE/HOLD CONTROL 





DC CHARACTERISTICS: (Note 1) Vcc = ±15V, Unity Gain Configuration, Ch= 1000 pF, Tc = 25°C unless 

otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

4856 

Typ 

Max 

Ai 

Min 

>56-H 

Typ 

R 

Max 

Unit 

ViN 

Input Voltage Range 


±10 

—■ 

— 

±10 

— 

— 

V 

Rin 

Input Resistance 


5 

10 

— 

5 

10 

— 

Mn 

Ib 

Input Bias Current 


— 

±40 

±200 

— 

±40 

±200 

nA 



Tmin to Tmax 

— 


— 

— 

— 

±400 

nA 

los 

Input Offset Current 


— 

10 

50 

— 

10 

50 

nA 



Tmin to Tmax 

— 

— 

— 

— 

— 

100 

nA 

Vos 

Input Offset Voltage 


— 

±2 

±4 

— 

±2 

±4 

mV 



Tmin to Tmax 

— 

±3 

— 

— 

±3 

±6 

mV 

PSRR 

Power Supply Rejection Ratio 


80 

90 

— 

80 

90 

— 

dB 

Vo 

Output Voltage Swing 

RL = 2ka 

±10 

— 

— 

±10 

— 

— 

V 

lo 

Output Current 


±15 

— 

— 

±15 

— 

— 

mA 

Ro 

Output Resistance (DC) 


— 

0.15 

— 

— 

0.15 

— 

n 

Avol 

Large Signal Voltage Gain 

RL = 2kO 

88 

94 

— 

88 

94 

— 

dB 

Vp 

Pedestal Voltage 

V,N=0V 

— 

10 

20 

— 

10 

20 

mV 

CMR 

Common-Mode Range 


±10 

— 

— 

±10 

— 

— 

V 

V,H 

Logic "1" Input Voltage 


2 

-- 

— 

2 

— 

•— 

V 

V|L 

Logic "0" Input Voltage 


— 

— 

0.8 

— 

— 

0.8 

V 

Ice 

Quiescent Supply Current 

Positive Supply 

— 

3.5 

5.5 

— 

3.5 

5.5 

mA 



Negative Supply 

— 

2.5 

3.5 

— 

2.5 

3.5 

mA 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


AC CHARACTERISTICS: (Note 1) Vcc =±15V, Unity Gain Configuration, Ch = 1000 pF, Tc = 25®C unless 

otherwise noted. 






4856 


4856-HR 1 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

tacq 

Acquisition Time 

to 0.01% of 10V step 

— 

3.2 

6 

— 

3.2 

6 

ps 



to 0.1% of 10V step 

— 

2.3 

4 

— 

2.3 

4 

FS 

tad r 

Aperture Delay Time 


— 

30 

— 

— 

30 

— 

ns 

taj 

Aperture Jitter 


— 

5 

— 

— 

5 

— 

ns 

sr 

Slew Rate 

DL 

Ol 

> 

o 

II 

o 

> 

3.5 

5 


3.5 

5 

— 

■1 

> 

tr 

Rise Time 

RL = 2k 

— 

75 

100 

— 

75 

100 

ns 

GBW 

Gain-Bandwidth Product 


— 

2.5 

— 


2.5 

— 

MHz 
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LOW COST MICROCIRCUIT 
SAMPLE/HOLD AMPLIFIER 


4856 



lOpF lOOpF l.OOOpF 0.01 pF 0.1 juF I.OijF 


Figure 1. Typical Performance Curve 


Offset Voltage Trim 

The offset voltage, in either the "Sample" or "Hold" 
mode, may be trimmed to OV while cycling between sample 
and hold with OV input and adjusting the 100 kQ potentiom¬ 
eter (Block Diagram) for OV output. This does not, however, 
reduce the difference between the Sample and Hold offset 
voltages to zero. 

Droop Rate Adjust 

The Droop Rate for this unit is determined from the value 
of the external capacitance, (CH), shown in the Block 
Diagram. Figure 1 shows the curves that give the value of 
CH for the desired Droop Rate, as well as the effect on 
Acquisition Time. 

To minimize errors caused by dielectric absorption. It is 
important to choose a polystyrene, mica, or teflon capacitor 
for the external hold capacitor. The external capacitor should 
be located close to the unit to reduce the effects of stray 
inductance. 

Guard Ring 

Leakage paths on the P.C. board and on the package 
surface must be minimized to reduce Droop Rate during 
hold. The output line forms a guard ring around the Hold 
Capacitance pin, which, because of the very nearly equal 
potentials between the output and the Hold Capacitance pin, 
will result in a very low leakage current. In addition. Pins 10 
and 12, which are not internally connected, may be con¬ 
nected to the guard ring to reduce package surface leakage. 




Figure 2. Pin Programming 



Figure 3. Guard Ring Layout (Bottom View) 
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^^^TELEDYNE 

COMPONENTS 


4860 


FAST, 12-BIT 

SAMPLE/HOLD AMPLIFIER 


FEATURES 


GENERAL DESCRIPTION 


■ Acquisition Time for a 10V Step to ±0.01 %FS 

.200 ns Max 


■ Sample-to-Hold Settling Time.100 ns Max 

■ Aperture Jitter...±50 psec 

■ Feedthrough Attenuation.74 dB 

■ TTL Compatible 


APPLICATIONS 

■ Transient Recorders 

■ Fast Fourier Analysis 

■ High Speed DASs 

■ High Speed DDSs 

■ Analog Delay and Storage 


BLOCK DIAGRAM 


The 4860 is a very fast, high-resolution sample/hold 
(track/hold) amplifier. Its acquisition time and sample-to- 
hold settling time (a S/H's two throughput limiting specifi¬ 
cations) are guaranteed to ±0.01%, unlike other S/H ampli¬ 
fiers that only achieve ±0.1 % or ±1 %. The 4860 acquires a 
10V signal step to ±0.01% in 200 nsec maximum and then 
tracks signal components up to 16 MHz. In the track mode, 
offset error is typically ±0.5 mV, and gain error is typically 
±0.05%. When commanded to Hold the 4860's output 
settles within ±0.01 %FS of its final value in 100 nsec 
maximum. The aperture delay time Is 6 nsec, aperture jitter 
is ±50 psec, and pedestal Is a minimal ±2.5 mV. In the hold 
mode the output droop rate is a low 5 pV/psec maximum and 
feedthrough attenuation, at 2.5 MHz, is an Impressive 74 dB. 

Its 24-pin, dual-in-line package, gain of -1, ±10V input/ 
output range, and TTL compatible logic make the 4860's 
performance compatible with many industry standard de¬ 
vices. Being a second-generation design, however, the 
4860 is superior to these units in almost every performance 
specification. Faster switching and better feedthrough at¬ 
tenuation are the results of our unique MOSFET switching 
scheme. Shorter acquisition and settling times and consid¬ 
erably lower droop are the result of our proprietary high 
speed, FET input op amp designs. 

A standard device is specified for 0°C to -i-70°C. The 
High Reliability (HR) version is specified for -55°C to +125°C 
temperature range. 
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FAST, 12-BIT 
TRACK/HOLD AMPLIFIER 


4860 _ 

PIN CONFIGURATION 


No. 

Designation 

No. 

Designation 



BOTTOM VIEW 


1 

ANALOG OUTPUT 

13 

ANALOG INPUT 


24 

1 

® 

2 

NC 

14 

NC 

® 

23 

22 

2 

© 

3 

NC 

15 

GROUND 

3 

© 

4 

NC 

16 

NC 

5 

NC 

17 

NC 

© 

21 

4 

© 

6 

NC 

18 

NC 

© 

20 

5 

® 

7 

NC 

19 

NC 

© 

© 

19 

6 

© 

© 

8 

NC 

20 

NC 


9 

+5V SUPPLY 

21 

GROUND 

18 

7 

10 

GROUND 

22 

-15V SUPPLY 

© 

17 

8 

© 

11 

HOLD 

23 

GROUND 

© 

16 

9 

© 

12 

HOLD 

24 

-I-15V SUPPLY 

© 

© 

15 

10 

© 

© 

NC = 

No internal connection 



14 

11 





© 

13 

12 

© 


ABSOLUTE MAXIMUM RATINGS 


Vcc 

+15V Supplies. 

.+18V 

Tc 

Operating Temperature Range (Case) 

Vdd 

-I-5V Supply. 

.-0.5Vto+7V 


4860. 

.O^Cto+TO-C 

V|N 

Analog Input. 

.+Vcc 


4860-HR. 

,...-55‘>Cto+125°C 

V|D 

Digital Input. 

.-0.5Vto+5.5V 

Tstg 

Storage Temperature Range. 

....-65°C to +150“C 


DC CHARACTERISTICS: (Note 1) Vcc = ±15V, Unity Gain Configuration, Ch = 1000 pF, Tc = 25°C unless 

otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

4860 

Typ 

Max 

4i 

Min 

i 

Max 

Unit 

ViN 

Input Voltage Range 


±10.25 

±11.50 

— 

±10.25 

±11.50 

— 

V 

Z|N 

Input Impedance 


— 

1 

— 

— 

1 

— 

kn 

Vos 

input Offset Voltage 

Track Mode 

— 

±0.5 

±5 

— 

±0.5 

±5 

mV 

Vos TC 

Input Offset Voltage vs Temperature 

Tmin to Tmax 

— 

±60 

±300 

— 

±60 

±300 

\iy/°C 

PSRR 

Power Supply Rejection Ratio 


— 

66 

— 

— 

66 

— 

dB 

Vo 

Output Voltage Swing 

RL = 2kn 

±10.25 

±11.50 

— 

±10.25 

±11.50 

— 

V 

lo 

Output Current 


±40 

— 

— 

±40 

— 

— 

mA 

Zo 

Output Impedance 


— 

0.1 

— 

— 

0.1 

— 

n 

Av 

Voltage Gain 


— 

-1 

— 

— 

-1 

— 

y/y 

Aa 

Gain Accuracy 


— 

±0.05 

±0.1 

— 

±0.05 

±0.1 

% 



Tmin to Tmax 

— 

±0.05 

±0.15 

— 

±0.05 

±0.15 

% 

Al 

Gain Nonlinearity 


— 

±0.003 

±0.01 

— 

CO 

o 

o 

d 

±0.01 

%FS 

AvTC 

Gain Drift 

_i 

— 

±0.5 

1 

±5 

— 

±0.5 

±5 

ppm/°C 

Vp 

Pedestal Voltage 

> 

o 

II 

2 

> 

— 

±2.5 

±20 

— 

±2.5 

±20 

mV 

Vp TC 

Pedestal Drift 


— 

±80 

— 

— 

±80 

— 

pV/°C 
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DC CHARACTERISTICS: (Continued) 






4860 


1 4860-HR 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

ViH 

Logic "1" Input Voltage 


2 

— 

— 

2 

— 

— 

V 

V|L 

Logic "0" Input Voltage 


— 

— 

0.8 

— 

— 

0.8 

V 

±Vcc 

Voltage Range 

±15V Supply 

— 

±3 

— 

— 

±3 

— 

% 



±5V Supply 

— 

±5 

— 

— 

±5 

— 

% 

±lcc 

Quiescent Current 

±15V Supply 

— 

±21 

±25 

— 

±21 

±25 

mA 



±5V Supply 

— 

17 

25 

— 

17 

25 

mA 

Pd 

Power Dissipation 


— 

730 

875 

— 

730 

875 

mW 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 


AC CHARACTERISTICS: (Note 1) Vcc = ±15V, Unity Gain Configuration, Ch = 1000 pF, Tc = 25°C unless 

otherwise noted. 






4860 


4860-HR 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

tacq 

Acquisition Time 

10V step to 0.01 %FS (±1 mV) 

— 

160 

200 

_ 

160 

200 

ns 



10V step to 0.1 %FS (±10 mV) 

— 

100 

170 

— 

100 

170 

ns 



10V step to 1 %FS (±100 mV) 

— 

90 

— 


90 

_ 

ns 



1V step to 1 %FS (±100 mV) 

— 

75 

— 

— 

75 

— 

ns 

ts 

Settling Time, Sample to Hold 

to O.Or/oFS (±1 mV) 

__ 

60 

100 

— 

60 

100 

ns 



to 0.1 %FS (±10 mV) 

— 

40 

— 

— 

40 

— 

ns 

Vtsh 

Sample tof Hold Transient 


— 

180 

— 

— 

180 

— 

mVp-p 

tad 

Aperture Delay Time 



30 

— 

— 

30 


ns 

taj 

Aperture Jitter 


— 

±50 

— 

— 

±50 


ps 

sr 

Slew Rate 


— 

±300 

— 

— 

±300 

— 

V/^s 

BW 

Small Signal Bandwidth (-3 dB) 


__ 

16 

— 

— 

16 

— 

MHz 

Vhd 

Droop Rate 


__ 

±0.5 

±5 

— 

±0.5 

±5 

)iV/)j,s 

Frr 

Feedthrough Rejection Ratio 

f = 2.5 MHz, V|N = 20 Vp-p 

— 

74 

— 

— 

74 


dB 
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APPLICATIONS INFORMATION 

The 4860 is ideally suited for 12 to14-bit high speed data 
acquisition/distribution systems. In a ±10V system, its 
±0.01 %FS (±0.005%FSR) linearity is equivalent to better 
than ±1/2LSB in 13 bits. Its low ±50ps aperture uncertainty 
enables it to accurately (±1/2LSB in 12 bits) sample signals 
with slew rates up to 24.4V/|j,sec. Its low, 5pV/|isec, output 
droop rate enables it to hold signals to ±1/2LSB in 14 bits for 
up to 125psec. The 4860 is functionally laser trimmed at the 
factory to correct offset, pedestal and gain errors, and is 
designed to be used without external adjustments. If system 
requirements call for tighter accuracies, units can be se¬ 
lected at the factory or adjustments can be made to the A/D 
or D/A used with the 4860. 

Grounding and Bypassing 

With proper grounding and bypassing, the 4860 meets 
all its published performance specifications without any 
additional external components. The device has four ground 
pins (Pins 10,15, 21 and 23), and all must be tied together 
and connected to system analog ground as close to the 
package as possible. It is preferable to have a large analog 
ground plane beneath the 4860 and have all four ground 
pins soldered directly to it. Pin 10 is particularly sensitive to 
ground noise because most of the digital elements that 
constitute the switch drive circuit are grounded to Pin 10. 
Noise in the switch drive circuit couples directly to the main 
op amp summing junction—the most noise-sensitive point in 
any S/H circuit. Most digital ground currents enter or leave 
the 4860 through Pin 10, therefore, in order to keep the 
output clean, care must be taken to ensure that no ground 
potentials exist between Pin 10 and the other ground pins. 
This is why Pin 10 must be tied to the analog and not the 
digital ground system. For the same reason, the +5V digital 
logic supply (Pin 9) should be kept as clean as possible. This 
supply (as well as the ±15V supplies. Pins 24 and 22) is 
bypassed to ground with a 0.01 pF ceramic capacitor inside 
the 4860. In critical applications, additional external O.lpFto 
IpF tantalum bypass capacitors may be required. 

Sample/Hold Command 

A TTL logic "0" applied to Pin 11, or a logic “I" applied 
to Pin 12 puts the 4860 into the sample (track) mode. In this 
mode, the device acts as an inverting unity gain amplifier, 
and its output follows (tracks) its input. A logic "1" applied to 
Pin 11 and a logic "0" applied to Pin 12 puts the 4860 into the 
hold mode, and the output is held constant at the level 
present when the hold command was given. If Pin 11 is used 
to control the 4860, Pin 12 must be connected to digital 
ground. If Pin 12 Is used to control the 4860, Pin 11 must be 
tied to -I-5V. Pins 11 and 12 each represent 1 TTL load to the 
digital drive circuit. 


Capacitive and Resistive Loading 

In order to avoid oscillations, current limiting or perfor¬ 
mance variations over temperature, the 4860's output load¬ 
ing has certain restrictions. To avoid oscillation the largest 
capacitive load is typically 250 pF. The largest recom¬ 
mended resistive load is 500^^, although values as low as 
250n may be used. Acquisition and sample-to-hold settling 
times are relatively unaffected by resistive loads down to 
25012 and capacitive loads up to 50 pF. However, higher 
capacitive loads will affect both acquisition and settling time. 



Figure 1. Track Mode Gain Amplitude and Phase Response 


Aperature Jitter 

The most common use of sample (track)/hold amplifiers 
is as an input for A/D converters to permit the accurate 
digitizing of signals with slew rates (frequencies) much 
higher than the A/D alone could handle. A rule of thumb for 
obtaining desired accuracy in successive approximation 
type A/D conversion is to ensure that the analog input signal 
being converted does not change by more than ±1/2LSB 
during the conversion. Applying this rule to any given A/D 
converter, one can calculate an input slew rate limit beyond 
which accurate digitizing is impossible. The slew rate can 
then be converted to a frequency limit if you choose to speak 
in those terms. 

Example: For a 12-bit 500ns A/D converter with a 
±2.5V input range, 1/2LSB is equivalent to .61 mV. If the 
input is not allowed to change more than .61 mV in 500 ns, 
the ADC's input slew rate limit is±1.22 mV/psec. If one were 
trying to accurately digitize a ±2.5V sine wave its frequency 
would have to be less than 77.7 Hz. 




FAST, 12-BIT 
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4860 


For example: dv/dt (max) = 2.5(ocoscot (Max) 

1.22mV/ps =2.5(0 
1.22mV/|Lis =57if 
77.7 (Hz) = f (Max) 

A sample/hold in front of an A/D converter can "freeze" 
the converter's input signal whenever a conversion is made. 
Even though the S/H reduces system throughput, because 
the S/H acquisition time has to be added to the A/D conver¬ 
sion time, it makes it possible for the A/D to accurately 
digitize input signals with much higher slew rates (frequen¬ 
cies). How is this accomplished? Let's look at the timing for 
a conversion that uses a sample/hold Input buffer. 

Once a S/H (T/H) has acquired an input signal and is 
tracking it, the S/H can be commanded to hold at any instant. 
There is normally a small delay between the time the unit Is 
commanded to hold and the time it actually holds. This delay 
is called aperture delay time or aperture time delay. It 
normally does not present a problem because the hold 
command signal can be advanced in time to make the 
amplifier hold at the correct time. Aperture delay time can 
vary as a given device takes sample after sample. The 
sample-to-sample variation in aperture delay time is called 
aperture jitter. Although aperture delay time is not normally 
a problem, aperture jitter is a problem. This is because it is 
impossible to control or compensate for aperture jitter. Since 
we have no control during the period of aperture jitter, w ould 
like our input signal to change as little as possible during this 
period. To return to our rule of thumb, we don't want the Input 
to change by more than ±1/2LSB. Therefore, if we're using 
a S/H in front of an A/D converter, the slew rate limitation Is 
no longer ±1/2LSB during the conversion time but ±1/2LSB 
during the aperture jitter time. 


The 4860 has a ±50 psec aperture jitter. This means 
there is a 100 psec period during which the input signal 
should not change more than ±1/2LSB. If, for example, you 
are using the 4860 S/H in front of a 12-bit A/D converter, then 
1/2LSB = 0.61 mV. The input signal slew rate limitation for 
accurate digitizing is then 0.61 mV/100 psec or 6.1 V/jisec. 
This is equivalent to the highest slew rate one would encounter 
in a ±2.5V sine wave with a frequency of 388 kHz. This is a 
considerable improvement over the 78 Hz sine wave that a 
12-bit, 500 ns ADC could accurately digitize without a S/H. 
Notice that 388 kHz to 78 Hz is the same ratio as 500 nsec, 
the ADC's conversion time, to 100 psec, the 4860's aperture 
jitter. 



Figure 3. Acquisition Accuracy vs Acquisition Time for 10V Step 


This procedure, which determines how fast a signal a 
given S/H permits one to digitize, assumes that the output 
droop rate of the chosen sample/hold is low enough to keep 
the A/D's input constant to within ±1/2LSB during a conver¬ 
sion time. It also assumes that at the input slew rate 
(frequency) of interest, the S/H's output is not slew rate 
(bandwidth) limited. Lastly, the fact that a given S/H and 
A/D combination can accurately digitize the fastest portions 
of a 388 kHz sine wave does not mean that the same 
combination can be usedtodigitizethatsignalforreproductlon 
purposes. Nyquist criteria state that you have to sample a 
388 kHz sine wave at twice its frequency, i.e. you have to 
take a sample every 1.25|Lisec. The 4860MDC combination 
must sample at least this fast to reproduce the input. 
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Figure 2. Accuracy Error Due to Aperture Uncertainty 
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Using the 4860 with A/D Converters 

There are two important considerations when using 
S/Hs to drive successive approximation A/Ds. The first is a 
dual requirement—^the S/H's output stage should exhibit a 
very low impedance compared to the A/D's input imped¬ 
ance, usually 1 to 10 kQ, at frequencies up to five times the 
A/D's clock period: and the S/H should be able to recover 
from current transients in a time interval smaller than the 
A/D's clock period. These requirements are based on the 
fact that successive approximation A/D's internal D/A con¬ 
verter changes its output current just prior to the determination 
of each output bit, therefore, the S/H will be required to sink 
or source large, high frequency current transients and 
recover within one clock period. In the hold mode, the 4860's 
output impedance is typically 0.1Q. Its output typically 
recovers (to ±0.01 %) from a 2mA step in less than 100 nsec. 


The second consideration involves the S/H's sample-to- 
hold transient settling time. If the same timing pulse that puts 
the S/H into the hold mode Initiates the A/D conversion, the 
transient settling time has to be short enough to ensure that 
the A/D has a stable, accurate input when it makes the final 
decision on whether its MSB output should be a "1" or "0". 
This decision normally takes place one clock period after a 
conversion has begun. 

In most applications by using the 4860 in front of a 
successive approximation A/D converter, the 4860's HOLD 
or HOLD can be driven directly from the converter's status 
output. The status output changes state when the converter 
receives a convert command, and this change can be used 
to drive the S/H from the track to the hold mode. The reverse 
change in state of the status output at the end of the 
conversion can also be used to set the S/H back into the 
track mode. 
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TP0032 


^^^TELEDYNE 

COMPONENTS 


OPERATIONAL AMPLIFIER — HIGH-SPEED, FET-INPUT 


FEATURES 

■ The Choice Device for All 0032 Applications 


■ Open-Loop Gain.85 dB 

■ Settling Time to ±1%.100 ns 

■ Slew Rate.650V/|is 


APPLICATIONS 

■ High-Speed ADC Comparators 

■ ADC and SHA Integrators 

■ High-Speed Integrators 

■ Video Amplifiers 


GENERAL DESCRIPTION 

The TP0032 is a high slew rate, FET-input, fully-differ- 
ential operational amplifier. It features 85 dB open-loop gain, 
a wide bandwidth (25 MHz @ Acl = +1). high-input imped¬ 
ance and high-output drive capabilities. 

The TP0032 can be used as a direct replacement for 
LH0032-type op amps and Is far more capable. It features 
the following performance improvements: 

1. Increased open-loop gain; improves linearity and 
eliminates output voltage droop. 

2. Superior second-stage biasing and decreased gain 
sensitivity to the transconductance of the JFET input 
yields faster, more consistent settling times. 

3. The addition of supply current compensation over 
temperature improves dynamic response versus 
temperature. 

4. Improved phase margin allows smaller compen¬ 
sation capacitance values to be used in low-gain 
applications, which means higher slew rates and 
faster settling times, and useful features for new 
designs. 

The standard TP0032 is specified for -55°C to -i-125°C 
operation. The TP0032 High Reliability (HR) version is 
specified for -55°C to +125°C operation. 


PIN CONFIGURATION 



PIN 

NO. 

DESIGNATION 

PIN 

NO. 

DESIGNATION 

1 

NC 

7 

NC 

2 

OUTPUT COMP 

8 

NC 

3 

BALANCE/COMP 

9 

NC 

4 

BALANCE/COMP 

10 

-Vcc 

5 

INVERTING INPUT 

11 

OUTPUT 

6 

NONINVERTING INPUT 

12 

+Vcc 


NC r: NO INTERNAL CONNECTION 


BOTTOM VIEW 
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ABSOLUTE MAXIMUM RATINGS 


Vcc Supply Voltage.±18V Tc 

ViD Differential Input Voltage.±30V 

VicM Common-Mode Input Voltage.±Vcc ^stg 


Operating Temperature Range (Case) 

. -55°C to +125°C 

Storage Temperature Range. -65°C to +150°C 


DC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 1 ka, Tc = 25°C, unless otherwise noted. 





1 TP0032 1 

TP0032-HR 1 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±2 

±5 

— 

±2 

±5 

mV 



Tmin to Tmax 

— 

±4 

— 

— 

±4 

±10 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±25 

— 

— 

±25 

— 

^iV/'C 

Ib 

Input Bias Current 


— 

±10 

±100 

_ 

±10 

±100 

pA 



Tmin to Tmax 

— 

±5 

— 

“ 

±5 

±50 

nA 

IbTC 

Input Bias Current Drift vs Temperature 

Average, Tmin to Tmax 

1 Doubles every 11°C 

Doubles every 11°C I 

1 “ 

los 

Input Offset Current 


— 

±5 

±25 

_ 

±5 

±25 

pA 



Tmin to Tmax 

— 

±12 

— 

— 

±12, 

±25 

nA 

los TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

1 Doubles every 11 °C 

Doubles every 11°C 

_ 

Avol 

Open-Loop Voltage Gain 


70 

85 

— 

70 

85 

— 

dB 



Tmin to Tmax 

— 

83 

— 

70 

83 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


50 

70 

— 

50 

70 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM = ±8V 

50 

70 

— 

50 

70 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR>44dB 

±10 

±12 

— 

±10 

±12 

— 

V 

ZlD 

Differential Input Impedance 


— 

10^^112 

— 

— 

10^^112 

— 

DllpF 

Z|CM 

Common-Mode Input Impedance 


— 

10^^113 

— 

— 

10^^113 

— 

nllpF 

Vo 

Output Voltage Swing 


±10 

±13.5 

1 

±10 

±13.5 

— 

V 

lo 

Output Current 


±10 

±13.5 

— 

±10 

±13.5 

— 

mA 

Isc 

Output Short-Circuit Current 

(Note 2) 

— 

N/A 

— 

— 

N/A 

— 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

90 

— 

— 

90 

— 

Q 

Vcc 

Supply Voltage Range (Operating) 


±10 

±15 

±18 

±10 

±15 

±18 

V 

Icc 

Quiescent Supply Current 


— 

±17 

±20 

— 

±17 

±20 

mA 


NOTES: 1 . Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 

2. The TP0032 is not output short-circuit protected and neither are other vendors' 0032's. 


AC CHARACTERISTICS: (Note 1) Vcc = +15V. Rl = 1 kn, Cci = 4 pF, Cca = 100 pF, Tc = 25°C, 

unless otherwise noted. 





TP0032 

TP0032-HR 1 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Sr 

Slew Rate 

Av = +1 

350 

650 

— 

350 

650 

— 

V/ps 

GBWP 

Gain-Bandwidth Product 

f = 100 kHz, Cci = 0pF, 

— 

600 

— 

— 

600 

— 

MHz 



Cc2 = 0 pF 








UGBW 

Unity-Gain Bandwidth 

Av = +1 

— 

25 

— 

— 

25 

— 

MHz 

ts 

Settling Time (Act = -1) 

20 V step/1 % 

— 

100 

— 


100 

— 

ns 



20 V step/0.1% 

— 

300 

— 

— 

300 

— 

ns 


NOTES: 1 . Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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APPLICATIONS INFORMATION 
Wiring Recommendations 

As with most high-speed op amps, the TP0032 is 
sensitive to circuit board layout; i.e., stray reactances. The 
power supplies should be bypassed as close to pins 10 and 
12 as possible. Use low-inductance capacitors, such as 
0.01 pF disc ceramics. Any other compensation capacitors, 
if used, should be located as close as possible to the 
appropriate pins to minimize stray capacitance. Good 
grounding techniques, as always, should be used. 

Input Capacitance 

The TP0032's input capacitance is typically 2-3 pF. To 
compensate for this, it is recommended that a small capaci¬ 
tor be placed across the feedback resistor. The value of this 
capacitor should be on the order of several picofarads. The 


+Vcc 



Figure 1. Offset Null 


exact value will vary with the effects of layout and closed- 
loop gain, and is therefore determined case by case. 

When using the TP0032 in a noninverting configuration, 
it may be advantageous to bootstrap the case and/ora guard 
conductor to the inverting input. This practice will divert 
leakage currents away from the noninverting input and 
reduce effective input capacitance. 

Heat Sinking 

When operating the TP0032 at Ta = +25°C, the case 
temperature will be approximately +65°C. Although the 
TP0032 is specified for operation without a heat sink, bias 
current performance may be improved with the use of a 
small heat sink, such as the Thermalloy 2240 or equivalent. 
The case is electrically isolated, so it may be connected to 
the heat sink. However, this will add capacitance to all pins 
and will probably necessitate compensation readjustment. 


+Vcc 



Figure 2. 10X Buffer Amplifier 
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Figure 5. Bode Plot (Uncompensated) 


Figure 8. CMRR vs Frequency 


PHASE (deg) 




















OUTPUT VOLTAGE (V) 
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Figure 9. Large Signal Pulse Response Figure 10. Supply Current vs Supply Voltage 





NOTES 
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^^^TELEDYNE 

COMPONENTS 


HIGH-SPEED, UNITY-GAIN BUFFER/DRIVER AMPLIFIER 


FEATURES 


■ Replaces All 0033's 

■ High Speed 

— Bandwidth.DC to 100 MHz 

— Slew Rate.1500 V/ps 

■ Settling Time to ±1% (2V step).25 ns 

■ Low Quiescent Current....±14 mA 


APPLICATIONS 

■ Input-Buffering Flash ADCs 

■ CRT Deflection Yoke Drive 

■ Coaxial Line Driver 

■ Critical Military, Biomedical and Process Control 
Environments 


GENERAL DESCRIPTION 

The TP0033 is a high-speed, high-input impedance, 
unity-gain buffer amplifier that is pin, package and perfor¬ 
mance equivalent to the ubiquitous LH0033. This device 
matches or exceeds the performance of its counterpart in all 
applications, yet typically draws just ±14 mA quiescent 
current, versus ±20 mA typical for the LH0033. 

The TP0033 has a FET input stage which provides 
high-input impedance (10^^Q), low-input bias current 
(0.5 nA), and low initial input offset voltage (±10 mV). The 
device operates with supply voltages from ±5V to ±20V 
(single supply operation is permissible). With nominal ±15V 
supplies, the TP0033 delivers a guaranteed output of ±12V 
into 1 k^l. Other key large-signal specifications are 1500 V/ 
\LS slew rate and 25 ns settling time for the unit to settle a 
2V step (typical "flash" ADC full-scale input) to within ±1% 
(±20 mV) of final value. 

A 100 MHz bandwidth, 2.9 ns rise time and 1.2 ns 
propagation delay are key small-signal specifications that 
further demonstrate the TP0033's suitability for high- 
frequency, signal-buffering applications. 

The TP0033 is housed in a 12-pln TO-8 can. The 
standard device Is specified for -25°C to ±85°C operation. 
The High Reliability (HR) version is specified for -55°C to 
+125°C operation. 


PIN CONFIGURATION 
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ABSOLUTE MAXIMUM RATINGS 


+Vcc- Supply Voltage...40V 

(-Vcc) 

V| Input Voltage..±Vcc 

Pd Power Dissipation (See Figure 9).1.5W 


Tc Operating Temperature Range (Case) 

TP0033.-25‘^C to +85°C 

TP0033-HR.-55°C to +125°C 

Tstg Storage Temperature Range -65°C to +150°C 


DC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 1 kO, Rs = lOOt^, Tc = 25°C, unless otherwise noted. 





1 TP0033 1 

TP0033-HR 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Ava/ 

Voltage Gain 


0.96 

0.98 

1.00 

0.96 

0.98 

1.00 

VA/ 

Vos 

input Offset Voltage 


— 

±5 

±10 

— 

±5 

±10 

mV 



Tmin to Tmax 

— 

— 

— 

— 

— 

±15 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±50 

— 

— 

±50 

i-i- 

ro 

Cl 

o 

^iV/°C 

Ib 

Input Bias Current 


— 

±0.5 

±2.5 

— 

±0.5 

±2.5 

nA 



Tmin to Tmax 

— 

— 

— 

— 

— 

±50 

nA 

PSRR 

Power Supply Rejection Ratio 


— 

60 

— 

— 

60 

— 

dB 

Z| 

Input Impedance 


10^0 

10^1 

— 

10^0 

10^^ 

— 

Q 

Vo 

Output Voltage Swing 


±12 

±13 

— 

±12 

±13 


V 



Rl=100 

±9 

— 

— 

±9 

— 

— 

V 



Vcc = ±5V 

— 

6 

— 

— 

6 

— 

VP-P 

Isc 

Output Short-Circuit Current 

(Note 2) 

— 

N/A 

— 

— 

N/A 

— 

mA 

Ro 

Output Resistance (DC Open-Loop) 


— 

6 

10 

— 

6 

10 

D. 

Vcc 

Supply Voltage Range (Operating) 


±5 

±15 

±20 

±5 

±15 

±20 

V 

Icc 

Quiescent Supply Current 


— 

±14 

±22 

— 

±14 

±22 

mA 



Vcc = ±5V 

— 

±12 

— 

— 

±12 

— 

mA 

Pd 

Quiescent Power Dissipation 


— 

420 

660 

— 

420 

660 

mW 



Vcc = +5V 

— 

120 

— 

— 

120 

— 

mW 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 

2. The TP0033 is not output short-circuit protected and neither are other vendors' 0033's. 

Peak instantaneous output current must not exceed ±250 mA. 

Continuous output current must not exceed ±100 mA. 


AC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 1 Rs = 50Q, Tc = 25°C, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

1 

Min 

■P003 

Typ 

3 

Max 

TP 

Min 

0033- 

Typ 

•HR 

Max 

Unit 

Sr 

Slew Rate 


1000 

1500 

— 

1000 

1500 

— 

V/p-s 

BW 

Bandwidth (-3 dB) 

V|N=1.0 VRMS 

— 

100 

— 

— 

100 

— 

MHz 

4»nl 

Phase Non-Linearity 

BW = 1 Hz to 20 MHz 

— 

2 

— 

— 

2 

— 


ts 

Settling Time 

2V step/1 % 

— 

25 

— 

— 

25 

— 

ns 

tr 

Rise Time 

AV|n = 0.5V 

— 

2.9 

— 

— 

2.9 

— 

ns 

tpd 

Propagation Delay 

AV|n = 0.5V 

— 

1.2 

— 

— 

1-2 

— 

ns 

THD 

Total Harmonic Distortion 

f > 1 kHz 

— 

<0.1 

— 

— 

<0.1 

— 

% 


NOTES: 1. Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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APPLICATIONS INFORMATION 
Offset Adjustment 

The TP0033 is factory-trimmed for low initial offset 
voltage. This is achieved by laser trimming and is imple¬ 
mented by tying pin 6 (offset preset) to pin 7 (offset adjust 
input). If the offset needs adjusting for any reason (see 
"Single or Unbalanced Power Supplies"), it can be done by 
using the offset null scheme shown in Figure 1. If an 
adjustable offset is not needed, pin 7 must be tied to pin 6. 
(Pin 7 cannot be left open.) 

Current Limiting 

The output of the TP0033 is not short-circuit protected 
and should not exceed ±100 mA steady-state or ±250 mA 
peak instantaneous current. For overcurrent protection, the 
maximum output current of the TP0033 can be limited by the 
use of current-limiting resistors as shown in Figure 2, or by 
an active current-source circuit as shown in Figure 3. Whether 
or not the current is limited, pins 1 and 9 must be connected 
to +Vcc and -Vcc, respectively. 

Wiring Recommendations 

The TP0033, like any high-speed device, is sensitive to 
layout inductances; therefore, ground planes are recom¬ 
mended. For best performance, each power supply should 
be individually decoupled; i.e., bypassed to ground. If pin 1 
is tied directly to pin 12 and pin 9 is tied directly to pin 10 
(Figure 1), connect low-inductance (0.1 pF) ceramic disc 
capacitors directly to pins 10 and 12 and ground them as 


closely as possible to the case. If pins 1 and 12 or pins 9 and 
10 are not tied together, each pin should be decoupled by a 
low-inductance (0.1 pF) ceramic disc capacitor, grounded 
as close as possible to the case. 

Reactive Loading 

The TP0033 output can drive large (several thousand 
pF) capacitive loads and long, properly terminated coaxial 
lines without tendency to oscillate. Peak capacitive output 
current levels should not exceed 250 mA. 

Single or Unbalanced Power Supplies 

The TP0033 can operate from unbalanced power sup¬ 
plies, such as the +5V/-12V rails prevalent in MOS-based 
logic systems. An output offset voltage will result, but is 
correctable by the nulling method shown in Figure 1. It is 
predictable (with sufficient accuracy) as follows: 

Offset (V) = (1-Gain) (I+Vcci - l-Vccl)/2 
gain is typically 0.985; therefore: 

Offset (V) = 0.0075 (I+Vcci - l-VccO 

Heat Sinking 

Idling in a +25°C ambient environment, the TP0033 has 
an approximate case temperature of +65°C. For best 
performance, a heat sink (Thermalloy 2240 or equivalent) is 
recommended, particularly for extended temperature 
operation. 



Figure 1. Basic Offset Null 
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Figure 2. Resistive Output Current Limiting 
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Figure 5. Capacitive Drive 
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Figure 3. Active Current-Source Output Current Limiting 
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Figure 6. Frequency Response for Various Loads 


Figure 4. Coaxial Cable Driver 
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Figure 7. Power Supply Rejection Ratio Figure 9. Maximum Power Dissipation 
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Figure 8. Large Signal Response 
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OPERATIONAL AMPLIFIER — HIGH-SPEED. WIDEBAND 


FEATURES 


■ Stable at Low Gain 

■ Gain Bandwidth Product.2 GHz 

■ Slew Rate.1200 V/p^s 

■ Output.±12V, ±125 mA 

■ Low Quiescent Current.±14 mA 

■ Operating Temperature (-HR).-55°C to +125X 


APPLICATIONS 

■ Pulse Amplifiers 

■ Fast Buffer/Followers 

■ Fast D/A Converters 

■ Video Instrumentation 

■ Video Frequency Filters 

ABSOLUTE MAXIMUM RATINGS 


Vcc Supply Voltage.±18V 

ViD Differential Input Voltage.±25V 

VicM Common-Mode Input Voltage.±Vcc 

Tc Operating Temperature Range (Case) 

TP3554.-25°C to +85°C 

TP3554-HR.-55°C to +125°C 

Tstg Storage Temperature Range.-65°C to +150°C 


GENERAL DESCRIPTION 

The TP3554 is a fully differential, wideband opera¬ 
tional amplifier with 2 GHz gain bandwidth product, 1200 V/ 
ps slew rate, and ±12V, ±125mA output. Settling time for a 
10V step to 0.01% is guaranteed less than 250 ns, and 
external compensation allows users to optimize bandwidth, 
slew rate, or settling time in different applications. 

The TP3554 is an improved second source to the Burr- 
Brown BB3554. In most applications, the TP3554 Is a drop- 
in replacement for the BB3554, having similar bandwidth 
and slew rate characteristics with similar compensation. In 
other applications, the TP3554's superior design approach 
will solve many of the problems encountered with the 
BB3554. The TP3554's improved interior loop stability 
overcomes the BB3554's pronounced tendency to ring or 
oscillate at 120 MHz, especially at lower gains (higher 
compensations). The improved loop stability also results in 
an improved capacitive load capability. The TP3554 does 
not have input overload problems. Input slew rate does not 
affect settling time, and there are no input rise time restric¬ 
tions. This eliminates many of the problems encountered in 
pulse-amplifier applications. The TP3554 has a much lower 
quiescent current drain, ±14 mA typical, (±20 mA maxi¬ 
mum) and a lower short-circuit output current. 

The standard TP3554 is housed in a TO-3 metal can 
and Is specified for -25°C to +85°C operation. The TP3554 
High Reliability (HR) version is specified for-55°C to +125°C 
operation. 


PIN CONFIGURATION 


PIN 

NO. 

DESIGNATION 

1 

OUTPUT 

2 

+Vcc 

3 

COMPENSATION (PIN 3 TO 1) 

4 

OFFSET ADJUST 

5 

INVERTING INPUT 

6 

NONINVERTING INPUT 

7 

-Vcc 

8 

OFFSET ADJUST 
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DC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 1 kO, Tc = 25°C, unless otherwise noted. 





TP3554 

TP3554-HR I 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Vos 

Input Offset Voltage 


— 

±0.5 

±2 

— 

±0.5 

±2 

mV 

Vos TC 

Input Offset Voltage Drift vs Temperature 

Average, Tmin to Tmax 

— 

±20 

— 

— 

±20 

±50 

^iV/°C 

Ib 

Input Bias Current 


— 

±10 

±50 

— 

±10_ 

±50 

pA 

Ib tc 

Input Bias Current Drift vs Temperature 

Average. Tmin to Tmax 

Doubles every 11 °C 

Doubles every 11°C | 

— 

los 

Input Offset Current 


— n 


— 

— 

±2 

— 

pA 

los TC 

Input Offset Current Drift vs Temperature 

Average, Tmin to Tmax 

Doubles every 11°C | 

Doubles every 11°C 

— 

Avol 

Open-Loop Voltage Gain 


100 

106 

— 

1 100 

106 

— 

i dB 



Rl=100Q 

90 

96 

— 

90 

96 

— 

dB 

PSRR 

Power Supply Rejection Ratio 


80 

110 

~ 

80 

110 

— 

dB 

CMRR 

Common-Mode Rejection Ratio 

VcM= +5V/-10V 

70 

86 

— 

70 

86 

— 

dB 

CMR 

Common-Mode Range (DC Linear Operation) 

CMRR >64 dB 

— 

+8/-13 

— 

— 

+8/-13 

__ 

V 

ZiD 

Differential Input Impedance 


— 

10^1112 

— 

— 

101^112 

-- 

ailpF 

Z|CM 

Common-Mode Input Impedance 



101^112 

— 

— 

10^1112 

— 

niipF 

Vo 

Output Voltage Swing 

Rl= ioon 

±10.5 

±12 

— 

l± 

o 

±12 

— 

V 

lo 

Output Current 


±100 

±125 

— 

±100 

±125 

— 

mA 

Isc 

Output Short-Circuit Current 


— 

±150 

— 


±150 

— 

mA 

Ro 

Output Resistance (DC Open-Loop) 

(Note 2) 

— 

±100 

— 


±100 

— 

a 

Vcc 

Supply Voltage Range (Operating) 


±8 

±15 

±18 

±8 

±15 

±18 

V 

Icc 

Quiescent Supply Current 


— 

±14 

±20 

— 

±14 

±20 

mA 


NOTES: 1 . Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 

2. Typical output resistance is 200. at f = 10 MHz. 


AC CHARACTERISTICS: (Note 1) Vcc = ±15V, Rl = 1 Cc = 0 pF, Tc = 25°C, unless otherwise noted. 
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"P3554 

TP3554-HR I 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Sr 

Slew Rate 

Rl = 1 ooo 

1000 

1200 

-— 

1000 

1200 

— 

V/^is 

GBWP 

Gain-Bandwidth Product 

@ Aol = 10 

150 

225 

— 

150 

225 

— 

MHz 



@ Aol= 100 

425 

725 

_ 

425 

725 


MHz 



@ Aol = 1000 

1000 

2000 

— 

1000 

o 

o 

o 

Cvl 

— 

MHz 

UGBW 

Unity-Gain Bandwidth 


— 

90 

— 

— 

90 

— 

MHz 


Settling Time (Acl = -1, Cc = 12 pF) 

10V step/1 % 

— 

40 

— 

— 

40 

— 

ns 



10V step/0.1% 

— 

100 

— 

— 

100 

— 

ns 



10V step/0.01 % 

— 

150 

250 

— 

150 

250 

ns 

en 

Input Voltage Noise Density 

f = 1 kHz 

— 

10 

— 

— 

10 

— 

nV/VHz 

Cl 

Capacitive Load (maximum w/o oscillation) 

i 

— 

75 

— 

— 

75 

— 

pF 


NOTES: 1 , Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% 
production tested. 
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APPLICATIONS INFORMATION 
Layout, Grounding and Bypassing 

T o achieve fully-specified performance from the TP3554, 
careful grounding, bypassing, and wiring precautions are 
necessary. Grounding is the most important consideration; 
a ground plane is strongly recommended. The ground plane 
provides a low-resistance, low-inductance return path for all 
signals and power returns and reduces stray signal pickup. 
It should cover and connect all areas on the pattern side of 
the PC board not othen^/ise used. 

The mechanical layout of the circuit is also very impor¬ 
tant. All circuit leads should be as short as possible. All PC 
board conductors should be wide to provide low-resistance, 
low-inductance connections, and should be as short as 
possible. In general, the entire physical circuit should be as 
small as practical. Stray capacitances should be minimized, 
especially at high-impedance nodes such as the input 
terminals of the amplifier. The Inverting input (pin 5) is 
especially sensitive, and all associated connections must 
be short. Stray signal coupling from the output to the inputs 
or to pin 8 (see "Optional Offset Adjustment") should be 
minimized. Low resistor values should be used (values 
less than 5.6 kQ are recommended). This practice will give 
the best circuit performance because the time constants 
formed with the circuit capacitances will be minimized and 
have little effect on amplifier performance. 

Each power supply lead should be bypassed to ground 
as near to the amplifier pins as possible. The combination of 
a 1 pF tantalum capacitor in parallel with a 0.01 pF ceramic 
capacitor forms a suitable bypass. In inverting applications 
it is recommended that pin 6 (noninverting input) be grounded 
rather than connected to a bias-current-compensating re¬ 
sistor. This ensures a good signal ground at the noninverting 
input. A slight offset error will result; however, if the resistor 
values used are small, the offset error (due to bias current 
offset) will be minimal. 

It is recommended the TP3554's case not be grounded 
during use (though it may be grounded, if desired). There Is 
no internal connection to the case; however, a grounded 
case will add a slight capacitance to each pin. In an already 
functional circuit, grounding the case will probably require 
slight compensation adjustment and the compensation ca¬ 
pacitor values may be slightly different from those indicated 
in the typical performance curves. 

Optional Offset Adjustment 

If the TP3554's guaranteed offset error is too large for a 
particular application, the initial offset may be adjusted to 
zero by connecting a 20 kQ. linear potentiometer between 
pins 4 and 8, with the wiper connected to the positive supply, 
as shown in Figure 7. A small, noninductive potentiometer is 


recommended. The leads connecting the potentiometer to 
pins 4 and 8 should be less than 6 inches long to avoid stray 
capacitance and stray signal pickup. Stray coupling from the 
output (pin 1) to offset adjust pin 4 has the effect of negative 
feedback; to pin 8 the effect is positive feedback and should 
be avoided. 

Compensation 

The TP3554 uses external frequency compensation to 
optimize bandwidth, slew rate, or settling time for particular 
applications. The bode plot (Figure 1) shows curves for 
several different compensation capacitors. In addition, 
several typical circuits are shown with recommended com¬ 
pensation for different applications. The primary compen¬ 
sation capacitor (Cc) is connected between pins 1 and 3. As 
the performance curves show, higher closed-loop gain 
configurations require less capacitance and improved gain 
bandwidth will be realized. Note that a compensation ca¬ 
pacitor Is not required for closed-loop gains above 35 dB. 

The flat, high-frequency response of the TP3554 may 
be preserved and any high-frequency peaking avoided by 
connecting a small capacitor in parallel with the feedback 
resistor. This capacitor compensates for the closed-loop 
high-frequency transfer function zero that results from the 
time constant formed by the input capacitance of the ampli¬ 
fier (typically 2 pF), and the input and feedback resistors. 
Using small resistor values will keep the break frequency of 
this zero sufficiently high, thereby avoiding peaking, and 
preserving phase margin (resistor values less than 5.6 kO. 
are recommended). The necessary feedback capacitance 
value is strongly dependent on circuit layout and closed-loop 
gain. It will be typically 2 pF for a clean layout using low value 
resistors (1 kQ) and up to 10 pF for circuits using larger 
resistances. 


5.6 ka 



Figure 7. Unity Gain Inverter 
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Slew Rate 

Slew rate is dependent upon compensation. Decreas¬ 
ing the compensation capacitor value will increase the 
available slew rate. Stray capacitances may have the same 
effect as the compensation capacitor. To avoid limiting the 
slew rate performance, stray capacitances should be mini¬ 
mized. 



Heat Sinking 

The TP3554 does not require a heat sink for operation 
in most environments. However, the use of a heat sink 
reduces the case temperature rise and results in lower 
junction operating temperatures. At extreme temperatures 
and under full load conditions, a heat sink will be necessary 
(as indicated in Figure 6). When heat sinking the TP3554, it 
is recommended the heat sink be connected directly to the 
amplifier case and the combination not be connected to the 
ground plane. The addition of a heat sink to an already- 
functional circuit will probably require slight compensation 
adjustment for optimum performance, due to the change In 
stray capacitances. The added stray capacitance to each 
pin from the heat sink will depend on the thickness and type 
of heat sink used. 




Figure 10. Inverting Gain of 100 Amplifier 
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Figure 11. Typical Settling Time Test Circuit 
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MONOLITHIC, HIGH VOLTAGE 
VIDEO DRIVER FOR CRT MONITORS 


FEATURES 


■ Rise Time into a 6pF load.2.4ns 

■ Output Signal.50V p-p 

■ Linear Variable Gain.0 to 100 


■ 24-Pin Power-Tab Package 

APPLICATIONS 

■ High Resolution Monochrome Displays 

■ High Resolution RGB Displays (Three Packages) 


GENERAL DESCRIPTION 

The 1900 is a high performance monolithic variable gain 
transconductance amplifier with a high voltage open collec¬ 
tor output capable of driving a video display (CRT cathode) 
directly. Typical rise times of 2.4ns are achieved using a 
peaking inductor with a 200n load resistor and a 6pF total 
load (CRT and parasitic capacitance). 

Differential inputs and a linear adjustable gain stage 
with an output offset adjustment make the 1900 versatile 
and well suited for many applications. The TTL BLANK input 
will set the output to a pre-determined black level indepen¬ 
dent of signal input. 

The 1900 Is available In a 24-pln DIP power-tab pack¬ 
age. A suitable heat sink must be attached to maintain the 
junction temperature with the recommended operating range. 
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FUNCTIONAL DIAGRAM 
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PIN CONFIGURATION 


Pin 

No. 


Pin 

No. 





Designation 

Designation 

GND [T 


^ GND 

1 

GND 

24 

GND 

VrefU 


^ GND 

2 

Vref 

23 

GND 

''of [l 

VigIZ 


22) GND 
^ SUB 

3 

VoF 

22 

GND 


4 

V,G 

21 

SUB 


5 

GNDA 

20 

SUB 

GNDA L5 


^ SUB 

6 

V|N+ 

19 

VoUT 

VIN+ [£ 

1900 

in VoUT 

7 

V|N- 

18 

NC 

VIN- [T 

m NC 

H VcB 
jH ^cb 

8 

Vee 

17 

VcB 

Vee [T 
Vee [I 


9 

Vee 

16 

VcB 


10 

Vcc 

15 

GND 


11 

BLANK 

14 

GND 

Vcc Ur 


GND 

12 

GND 

13 

GND 

BLANK m 


T?) GND 





GND m 


jU GND 





NC = NO INTERNAL CONNECTION 


ABSOLUTE MAXIMUM RATINGS* Ta = 25°C unless otherwise noted. 


Tjmax Operating Temperature Range (Junction) 


Tstg 

. +^ 50 °C 

Storage Temperature.-55°C to -f150°C 

Vvaa 

Output Signal Supply, wrt Vvcb. 

.65 V 

VvcB 

Common Base Supply. 

.20V 

Vvcc 

Positive IC Supply. 

.12V 

VvEE 

Negative IC Supply. 

.-12V 

Vdiff 

Differential Input Voltage, Signal. 

.2V 

VcM 

Common Mode Input Voltage, Signal... 

.+2.0V 


VviG Gain Input Voltage.6V 

VvoF Offset Input Voltage.6V 

Vblank Blank Input Voltage.6V 

IVref Reference Output Current.-5mA 

Ts Lead Temperature (solder <10 sec).+260°C 

Thermal Characteristics 


Rejc Thermal Resistance (Junction to Case) 

.+6C/W 


*An absolute maximum rating defines a bias, mechanical stress, or environmental condition beyond which the device may become unserviceable. 
The 1900 is static sensitive. Proper handling techniques for static-sensitive parts should be employed. 


TYPICAL POWER CONSUMPTION Ta= 25°C Power Dissipation at Vvaa = 70V, Rl = 200Q 


Vo - Vblack 

Duty Cycle % 

IC Pd (Watts) 

Load Pd (Watts) 

Total Pd (Watts) 

0 

0 

1.6 

0 

1.6 

35 

100 

7.8 

6.1 

13.9 

35 

80 

6.5 

4.9 

11.4 

50 

80 

5.6 

10 

15.6 
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1900 


AC ELECTRICAL CHARACTERISTICS: Vee = -10.5V. Vcc = +1OV, Vm = +70V, Rl = 200£i, Vblank = 0.4V, 

V|N ^ 725mV, TA = 25°C unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

BWsdB 

Bandwidth, 3dB 

VvoF = OV, Rl = son 

200 

— 

— 

MHz 

tr 

Rise Time, Output 

Rl = 0, tr(viN) = 400ps 

__ 

1.75 

— 

ns 



Rl = 2000, tr(viN) = 1 ns, Cl = 6pF (Note 1) 

— 

2.04 

2.8 

ns 

ts 

Settling Time 

90% point to 100% ±2%, no peaking 

— 

— 

6 

ns 



network, Cl = 3.5pF 





gm 

Transconductance 

VviG = 5.0V 

400 

— 

600 

mS (Note 2) 



VviG = l-OV 

70 

— 

110 

mS 



VviG = o.ov 

-25 

— 

25 

mS 

LEa 

Amplifier Linearity Error 

VviG = 4.0V, VvoF = 1 -OV 

— 

— 

±2 

%GS (Note 3) 

LEga 

Gain Adjust Linearity Error 

VviN = 0.20V, VvoF = 1 'OV 

— 

— 

±2 

% 

TD 

Thermal Distortion 


_ 

— 

±2 

% 

Rvin 

Signal Input Impedance 

VviN = o.ov 

10k 

20k 

— 

Q 

CviN 

Signal Input Capacitance 

VviN = O.OV 

— 

2 

— 

pF 


NOTES: 1. Total load capacitance on the output node of the 1C including approximately 3pF load capacitor, 2pF parasitic board capacitance, and 
IpF parasitic probe capacitance, with a peaking inductor as shown in the typical connection diagram. 

2. "S" - Siemens (lA/). 

3. "%GS" means percent of grey scale, referring to RS-343 standard video levels. 


DC ELECTRICAL CHARACTERISTICS: Vee = -10.5V, Vcc = +10V, Vm = +70V, Rl = 2000, Vblank = 0.4V, 

Ta = 25“C unless othenvise noted. 


Symboi 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Vref 

Reference Output Voltage 

lo = 2mA 

5.25 

— 

5.75 

V 

Ivcc 

Positive Supply Current 


40 

— 

70 

mA 

IVEE 

Negative Supply Current 


-65 

— 

-100 

mA 

IVCB 

Common Base Supply Current 


21 

— 

40 

mA 

■blank 

Blank Input Current 

Vblank = 0.4V 

-600 

— 

-400 

pA 



Vblank = 2.4V 

-400 

— 

-200 


■vof 

Offset Adjust Input Current 

o 

■n 

II 

< 

0.5 

— 

10 


IVIG 

Gain Adjust Input Current 

VviG = 5V 

0.5 

— 

10 

^A 

Ivin 

Signal Input Current 

VviN = OV 

-50 

— 

50 

^lA 

lo 

Output Current 

Vblank = 2.4V, Vvof = 1 -OV 

-1 

— 

1 

mA 



Vblank = 2.4V, Vvof = 3.0V 

-1 


1 

mA 



VviN = O.OV, Vvof = O.OV, Vvig = 4.0V 

— 

— 

25 

mA 



VviN = O.OV, Vvof = 5.0V, Vvig = O.OV 

80 

— 

120 

mA 

Alo/AT 

Output Current vs Temperature 

Ta = +25®C to + 70 °C 

-2 

— 

2 

mA 

AIq/AVIG 

Output Current vs Gain Adjust 

VviN = OV, AVvig = 5.0V 

-10 

— 

10 

mA 

Alo/AVIN 

Output Current vs Signal Adjust 

Vblank = 2.4V, AVvin = 0.3V 

-1 

— 

1 

mA 

CMRR 

Common Mode Rejection Ratio 

VcM = ±0.5V 

_ 

40 

— 

dB 

PSRR 

Power Supply Rejection Ratio 

VvEE. Vvcc = ±5% 

25 

30 

— 

dB 
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Typical Connection Diagram 



1 SYNC Period 

2 BLANK only period 
^BLACK period 
'^Video Signal 


Typical Video Signal 
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APPLICATIONS INFORMATION 
V|N+, V|N- 

V|N+ and V|N- are the analog input pins. It is recom¬ 
mended that signals applied to these inputs be kept within 
±1.3V with respect to ground. The input pins accept RS-343 
signals of Vvin = ±0.714mV p-p, and will operate properly 
with common mode range of ±0.5V with respect to ground 
(excluding signal). Although large offsets can be handled 
safely without damage to the device, output linearity suffers 
and therefore is not recommended. 

V|G 

ViG is the overall DC gain control that will vary the device 
gain from 0 to 80. An internal reference supply, Vref (Pin 2), 
provides the 5V nominally needed to drive the gain and 
offset inputs (see typical connection diagram). Normally a 
5kQ. potentiometer between Vref and ground varies the 
gain, but an external source can be used, instead of Vref, 
with some additional degradation of gain stability with tem¬ 
perature. 


Gain control through Vig is a linear relationship. Zero to 
100% of the gain range of 0 to 100 is achieved by varying this 
input from 0 to 5 volts. This yields the following relationship 
for overall voltage gain of this device (for Iq <250mA): 
VAA-Vo=V,N*gm*RL 
Vaa-Vo = V,n(V) (V,g(V) * 0.1 * Rl) 

The overall gain of this device can vary by ±20% due to 
normal process variations of internal components (<150ppm/ 
°C). If multiple devices are used in a system provisions 
should be made so that they all track thermally (i.e., a 
common heat sink), to offset any changes with varying 
ambient conditions. 

VoF 

VoF is an input control which sets the output quiescent 
current and therefore the output offset voltage (see Black 
level). Output quiescent current can be adjusted from 5mA 
to 55mA when Vqf is adjusted from 0 to 5.5V. Normally 
adjustment is done by using a 5kQ potentiometer between 
Vref and ground (see typical application diagram). 


TYPrCAL RGB CONFIGURATION 



For color tracking the output reference voltage of one device should be buffered and used to drive all three devices. The monolithic construction of this 
device will allow tracking from chip to chip. To ensure uniform temperature in multi-chip circuits, a single heat sink should be used. 


10 
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BLANK 

When asserted (Blank = TTL High), this input disables 
the video signal and allows the output to rise to the prede¬ 
termined blank level independent of the Vqf control when 
VoF is between 0 to 3V. Above 3V there is some interaction 
between Vqf and the Blank level. Blank is independent of 
the input signal. 

BLACK 

Black level is the output voltage developed across the 
external resistor load that is achieved with OV video input. 
This level can be modified by the quiescent operating point 
setup at the Vqf input (Pin 3). Adjustments for output current 
from 5mA to 55mA are easily made by varying the bias as 
VoF from OV to 5.5V. 

Vref 

Vref is a bias reference made available for ease in 
adjusting the offset, and gain inputs. This is a zener refer¬ 
ence with a nominal output voltage of 5.5V ±5% which can 
source up to 4mA. 

VcB 

The output stage consists of a common-base high- 
voltage stage and a high-speed low voltage current ampli¬ 
fier in a cascode arrangement. The Vcb input is the base 
connection to the common base device of this stage. Care 
should be taken to provide a stable DC voltage at this point 
of nominally +10V. High frequency compensation at this 
input is required to avoid output oscillations. A series ^5Q. 
resistor with a 15pF capacitor to ground is recommended 
(see typical connection diagram). Smallervaluesof this RC 
combination will improve output rise/fall times, but can 
cause output oscillations near 330MHz. 

SUB 

SUB isthe internal connection to the substrate and must 
be connected to Vee. the most negative voltage applied to 
the device. Proper bypassing of the substrate supply, SUB 
(Pins 20,21) and the Vee supply (Pins 8,9) is required to 
prevent output oscillations. 


Vo 

The output of the 1900 is an open collector of a cascode 
circuit. This output works with nominal output supplies of Vaa 
= +70V. The high voltage supply must be greater than any 
applied Vcb voltage for proper operation. The 1900 drives 
loads up to 250mA. Optimum performance can be achieved 
when a peaking network Is used (see typical connection 
diagram). 

Power Supply 

A +10V and -10.5V supply are required for proper 
operation. These supplies can be set at ±12V for conve¬ 
nience but this will add additional heat through power dis¬ 
sipation internal to the package. The high voltage supply can 
be any voltage above the Vcb supply, but not greater than 
Vcb plus 65V. To achieve good performance from the 1900, 
close attention to high frequency grounding practices and 
printed circuit board layout is mandatory. 

Supply Sequencing 

Power supply sequencing is important to avoid internal 
device latch-up. To avoid sequencing problems external 
diodes should be placed from Vee to ground, from ground to 
Vcc and from Vcc to the output supply Vaa (see typical 
connection diagram). With the external diodes in the circuit 
the most negative supply, Vee, should be turned on first. 

Power Dissipation 

The 1900 dissipates a large amount of power due to 
different speed and load driving requirements. The Power- 
Tab package provides a low thermal resistance path from 
the chip to an external heat sink. Care should be taken in the 
board design to provide sufficient heat sinking capacity to 
allow operation over the intended operating range. When 
mounting to a chassis the device tab (heat sink) is attached 
to Vee (-10.5V). It is recommended that a low thermal resis¬ 
tance insulator be used when attaching to a grounded 
chassis. 

Initial Step 

Initial setup of the device requires proper setup of the 
VoF and V|g inputs for balanced rise/fall times. If too little 
quiescent current is allowed it will slow the output rise time 
and limit eventual bandwidth. 
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HIGH-VOLTAGE VIDEO DRIVER 
FOR CRT MONITORS 

FEATURES APPLICATIONS 

■ Output Signals Into 10 pF.90 Vp.p ■ CRT Monitors 

■ Rise and Fall Times @ 50 Vp.p.2.5 ns — Projection 

■ Linear Gain Adjustment for Matching — High^Resolution Monochrome 

■ Versions Available to Match Specific CRT — High-Resolution RGB 

Requirements 


STANDARD CONFIGURATION DIAGRAM 



1054-1 
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HIGH-VOLTAGE VIDEO DRIVER 
FOR CRT MONITORS 


1902 


GENERAL DESCRIPTION 

The 1902 is a high-performance, high-voltage amplifier 
designed to drive the cathode in high-resolution, high¬ 
brightness CRT monitors and projection displays. 

The 1902 is replete with differential inputs, blanking 
control, linearly-adjustable gain stage, adjustable offset, 
and a differential emitter-follower output stage. The 1902 is 
capable of driving 10 pFto 20 pF loads, can be driven directly 
from a standard video DAC, and is RSI 70 and RS343 
compatible. 

The 1902 has three variants for different applications. 
The internal high-voltage resistor and output transistors are 


varied to strike the optimum balance between output voltage 
from 40V to 90V, and rise/fall times from 2.2 ns to 4.5 ns. The 
1902-0 has no internal high-voltage resistor, thereby allow¬ 
ing the designer to select a high-voltage resistor to suit the 
specific application. 

The 1902 is housed in a hermetically-sealed, 30-pin 
flat pack with 50-mil center pins on two sides. It has mounting 
flanges suitable for 4-40 screws. The 1902-X is specified 
for -25°C to +85°C operation. The 1902-X-HR is specified 
for-55®C to +125°C operation. 


PIN CONFIGURATION 


PIN 

NO. 

DESIGNATION 

PIN 

NO. 

DESIGNATION 

1 

GND 

30 

GND 

2 

GND 

29 

GND 

3 

BLANK 

28 

GND 

4 

Vee 

27 

Vcc 

5 

Vee 

26 

Vcc 

6 

Vee 

25 

GND 

7 

-V|N 

24 

NC 

8 

+V|N 

23 

VOUT 

9 

GND 

22 

NC 

10 

GND 

21 

HV BUFFER 

11 

vgain 

20 

HV BUFFER 

12 

VOFF 

19 

GND 

13 

Vref 

18 

GND 

14 

GND 

17 

HV RESISTOR 

15 

GND 

16 

HV RESISTOR 


HV = HIGH VOLTAGE 

NC = NO INTERNAL CONNECTION 


30-Pin Flat Package 


PIN 1 

CONTRASTING 

COLORED \ 1 

GLASS 


O 

O 

O 

1 



1902 

30 

15 


16 

O 

O 

O 


ABSOLUTE MAXIMUM RATINGS 


Vhv Pull-Up Resistor Supply. (Vhv Max -i-5V) 

Vcc Positive 1C Supply. -f1 7V 

Vee Negative 1C Supply.-12V 

V|df Differential Input Voltage.+2V 

VicM Common-Mode Input Voltage.±2V 

ViG Gain Adjustment Input Voltage.+6V 

Vios Offset Adjust Input Voltage.+6V 

Vblank Blank Input Voltage.+6V 

Irp Total Current Through Rp (Note 1).290 mA 

Iref Reference Output Current.-5 mA 

Tc Operating Case Temperature Range 

1902-X.-25°C to- f85°C 

1902-X-HR.-55°C to +125'^C 


Tj Operating Junction 

Temperature Range.-55°C to -f150'’C 

0JC Junction-to-Case Thermal Resistance.10°C/W 

(for Qcas and Control 1C) 
1.25°C/W 
(for Rp internal) 

Tstg Storage Temperature Range.-55°C to +150°C 

Ts Lead Temperature (Soldering, <10 sec) ...+260°C 
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ELECTRICAL CHARACTERISTICS: Tc = +25°C, Vee = -10.5V, Vcc = +15V, Vhv = Max. that is: 120V for 
1902-0, 2 and 70V for 1902-4, Vblank = TTL Lo, Vig = Vqf = ±Vin = OV, Cl = 10 unless otherwise noted. 


Symbol 

Parameter 


Test Conditions 

Min 

Typ 

Max 

Unit 

Input 








ViN 

Input Voltage Range 


Referenced to Ground, 

— 

— 

±0.714 

V 




Excluding Vcm 





Ib 

Input Bias Current 



-50 

— 

50 

pA 

VcM 

Input Common-Mode Range 


-0.5 

— 

0.5 

V 

CMRR 

Common-Mode Rejection Ratio 

VcM = ±0.5V 

— 

40 

— 

dB 

Rin 

Signal Input Impedance 


10 

20 

— 

kn 

C|N 

Signal Input Capacitance 


— 

2 

— 

pF 

VoF 

Offset Adjust Input Voltage 


0 

— 

5.5 

V 

•of 

Offset Adjust Input Current 

> 

II 

LL 

o 

> 

0.5 

— 

10 

pA 

V|G 

Gain Adjust Input Voltage 


0 

— 

5 

V 

l|G 

Gain Adjust Input Current 

< 

o 

II 

Ol 

< 

0.5 

— 

10 

pA 

Digital Inputs 







IlL 

Input Logic "0" Current 

Vblank = 0.4V 

-600 

— 

-400 

pA 

IlH 

Input Logic "1" Current 

Vblank = 2.4V 

-400 

— 

-200 

pA 

Output 








Vo 

Output Voltage 

1902-0, -2 

Vhv = Max (Note 3) 

— 

— 

90 

Vp-p 


Range, Peak-to-Peak 1902-4 

Vhv = Max 

— 

— 

50 

Vp.p 

Rp 

Internal Pull-Up 

1902-0 

Rp is External, User-Selected 

0 

Note 3 

0 

n 


Resistor 

1902-2 


380 

— 

420 

n 



1902-4 


190 

— 

210 

n 

Vab 

VA in BLANK Mode 

(Note 4) 

Vblank = 2.4V, Vqf = 1V, V|g = 5V 

-Rp 

— 

2xRp 

mV 


(VA = Vhv-Vo) 

1902-0, -2 

Vblank = 2.4V, Vqf = 1V, Vig = 5V 

-0.4 

— 

0.8 

V 




Vblank = 2.4V, Vqf = 1V, Vig = 5V 

-0.4 

— 

1 

V 



1902-4 

Vblank = 2.4V, Vqf = 1V, Vig = 5V 

-0.2 

— 

0.4 

V 




Vblank = 2.4V, Vqf = 1V, ViG = 5V 

-0.4 

— 

1 

V 

Vabir 

VA BLANK Mode 

(Note 4) 

Vblank = 2.4V, AVin = 0.3V, Vig = 5V 

— 

— 

±2xRp 

mV 


Input Rejection 

1902-0, -2 

Vblank = 2.4V, AV|n = 0.3V, V|g = 5V 

— 

— 

±0.8 

V 


II 

< 

1 

< 

1902-4 

Vblank = 2.4V, AVin = 0.3V, V|g = 5V 

— 

— 

±0.4 

V 

VAA/os 

VA vs Offset Adjust 

1902-0, -2 

VoF=0V, V,g = 3V 

0.2 

— 

10 

V 


Min 

1902-4 

VoF = OV, Vig = 3.5V 

0.1 

— 

6 

V 


Max 

1902-0, -2 

VoF = 5V 

32 

— 

52 

V 



1902-4 

Vof = 5V 

16 

— 

26 

V 

VAA/|g 

VA vs Gain Adjust 

(Note 4) 

AV|g = 5V 

— 

— 

±10xRp 

mV 


(Gain Adjust 

1902-0, -2 

AVig = 5V 

— 

— 

±4 

V 


Rejection) 

1902-4 

AVig = 5V 

— 

— 

±2 

V 

VATc 

VA Over 

(Note 4) 

Tc = +25‘‘C to +75X 

— 


±2xRp 

mV 


Temperature 

1902-0, -2 

Tc = +25‘‘C to +75°C 

— 

— 

±0.8 

V 



1902-4 

Tc = +25°C to +75°C 

— 

— 

±0.4 

V 

Vref 

Reference Voltage 


Vcc and Vee = Nominal ±10% 

5.25 

— 

5.75 

V 

Iref 

Reference Current 



— ' 

— 

_A_j 

mA 
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HIGH-VOLTAGE VIDEO DRIVER 
FOR CRT MONITORS 


1902 


ELECTRICAL CHARACTERISTICS (Cont.) 


Symbol 

Parameter Test Conditions 

Min 

Typ 

Max 

Unit 

Transfer 






A 

Voltage Gain 1902-0, 2 Vig = 3V, AV|n = 0.6V 

71.5 

— 

133.8 

v/v 


(Note 3) 1902-4 Vig = 3.0V, AVin = 0.6V 

36 

— 

67 

v/v 

LEa 

Linearity Error Amplifier Vig = 4V, Vqf = 1V, Vcm ^ ±0.5V 

__ 

— 

±2 

%GS 






(Note 5) 

LEga 

Linearity Error Gain Adjust Vin = 0.2V, Vqf = 1V, Vcm ^ ±0.5V 

— 

— 

±2 

% 

Dynamic 






tp/tF 

Output Rise and Fall 1902-0 (25°C) AVin = 0.6V. Vqut from 20V to 110V 

— 

— 

5.0 

ns 


(10% to 90%) (-55,125'’C) AV|n = 0.6V, Vqut from 20V to 110V 

— 

— 

7.0 

ns 


1902-2 (25^C) AVin = 0.6V, Vqut from 20V to 110V 

_ 

— 

4.0 

ns 


(-55,125‘»C) AVin = 0.6V, Vqut from 20V to 11OV 

— 

— 

5.0 

ns 


Cl = 15 pF (Note 2) 1902-4 (25^C) AV|n = 0.6V, Vqut from 15V to 65V 

_ 

— 

2.5 

ns 


(-55,125°C) AVin = 0.6V, Vqut from 15V to 65V 

—■ 

-- 

3.0 

ns 

tepw 

Blanking Input Pulse Width 

— 

— 

30 

ns 

THD 

Thermal Distortion 

— 

— 

±2 

%GS 






(Note 5) 

Power Supplies 





Vcc 

Positive 1C Voltage Acceptable Range 

14.5 

15 

15.5 

V 

Vee 

Negative 1C Voltage Acceptable Range 

-10 

-10.5 

-11 

V 

Vhvmax 

High-Voltage Supply 1902-0, -2 

— 

— 

120 

V 


1902-4 

— 

— 

70 

V 

Icc 

Positive Supply Current 

80 

— 

100 

mA 

Iee 

Negative Supply Current 

-70 

— 

-100 

mA 

PSRR 

Power Supply Rejection Ratio Vee and Vcc = Nominal ±5% 

25 

30 

— 

dB 

PD 

Power Dissipation 

— 

(Note 8) 

— 

W 


Limits printed in boldface type are guaranteed and are 100% production tested. Limits in normal font are guaranteed but not 100% tested. 
Standard product tested at room temperature only. HR product tested at +125°C, 25°C, & -55°C. 

NOTES: 1. This limit only applies when Vhv is greater than 90V. 

2. Total load capacitance on the output mode of the 1C includes load capacitance and parasitic. 

3. All characterization measurements are made using a 4000 resistor; internal (-2) or external (-0). 

4. This specification applies to the 1902-0 when a custom pull-up resistor is selected by the user. 

5. ''%GS" means percent of grey scale, referring to RS343 standard video levels. 

6. Rise and fall times depend on the value of Rp and Lp, peaking inductor (user-selected) and output load. 

7. To meet the maximum speed, input rise times of less than 1 ns are needed. These limits are tested to guarantee device functionality. 

8. See Table I, page 6, for power dissipation specifications. 
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ORDERING INFORMATION 


Part 

Number 

Rp 

High Voltage 
(V) 

tR At Vpp Max 

Case Operating 
Temperature 

1902-0 

(Note 1) 

120 

(Note 2) 

-25°C to +85°C 

1902-0-HR 

(Note 1) 

120 

(Note 2) 

-55°Cto-i-125°C 

1902-2 

400 

120 

90V/4.0 ns 

-25°Cto +85°C 

1902-2-HR 

400 

120 

90V/4.0 ns 

-55°C to-i-125°C 

1902-4 

200 

70 

50V/2.5 ns 

-25°Cto +85°C 

1902-4-HR 

200 

70 

50V/2.5 ns 

-55°Cto+125°C 

NOTES: I.Rp is user-defined and supplied. The internal Rp = 
2.tR is dependent upon user-defined Rp and Vrv- 

EVALUATION BOARDS 

oa. 




Board 

Number 

Driver 

Number 

Description 

6149-0 

1902-0 

These are demonstration boards which allow a user to quickly and easily evaluate the 
operating characteristics of the video display drivers in conjunction with the user's 

6149-2 

1902-2 

display. These cards contain the chosen driver, all necessary connectors (power supply, 
input/output, control signal) as well as gain and offset adjustment circuits. These boards 

6149-4 

1902-4 

are compact (4.5" x 4.5" max) and are supplied with an attached heat sink for thermal 
management. An application note is included with evaluation board to simplify the 



evaluation of driver performance. 


6149-98 Heat sink kit used with the evaluation board. 

6149-99 Fully assembled evaluation board with no hybrid inserted. 


APPLICATIONS INFORMATION 
Initial Setup 

The initial setup of the 1902 requires proper setting of 
the VoF and Vig inputs to obtain balanced rise/fall times. If 
the quiescent current level (Vqf) is set too low, it slows the 
output rise time and limits the bandwidth of the 1902. If It Is 
set too high, it will limit the fall time. Similar effects result if 
the gain control (Vig) is set too high. 

Signal Inputs 

The analog inputs are -fVin and -Vin. They are designed 
to accept RS343 signals, ±0.714 Vp.p. It is recommended 
that the input signal be limited to ±1.3V referenced to ground 
(0.714V signal +0.5V common mode). Offsets of ±2V (ref¬ 
erenced to ground, signal included) can be tolerated without 
damage to the device, but are not recommended. 

Output Voltage 

The output voltage is controlled by the breakdown 
voltages of transistors Ocas, Qn and Qp (see standard 
configuration diagram), and the value of Rp. The maximum 
output voltage swing is determined by Vp.p = 250 mA x Rp. 
The dash-numbered versions of the 1902 differ in the values 


of Rp, Lp, and the breakdown voltages of the output transis¬ 
tors. 

Rise and fall time specifications are based on very 
conservatively-peaked devices (<5% overshoot); i.e., Lp is 
low. The pull-up resistor (Rp) is connected directly to pins 
16 and 17. External peaking can be added, use inductors 
with a high self-resonant frequency, and try to minimize 
capacitive coupling to ground. If no external resistors or 
inductors are added, use good, high-frequency bypassing 
on pins 16 and 17. 

Care should be taken to limit the amount of the gain 
and offset adjustment so the total current through Rp does 
not cause excessive power dissipation. The gain adjust can 
set the AC current swing to greater than 250 mA (250 mAp. 
P = 100 Vp.p on 400Q). Higher currents and lower Rp values 
result In faster rise and fall times. For Vhv > 90V, do not 
exceed a total of 290 mA through Rp. 

Access to the Internal Rp also means the 1902 can be very 
easily configured for low power (but slower speed) applications 
by adding external resistance. Note that the device is char¬ 
acterized with a 400i^ resistor. Higher Rp values will degrade 
other specifications in addition to rise/fall times. 

If large arc protection resistors are used (>50D), series 
inductance may improve the rise time of the output signal. 
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DC Gain (Contrast) Control 

V|G is the DC gain (contrast) control input. It can vary the 
device gain linearly from 0 to 80 by inputting a voltage from 
OV to 5V. The internal reference (Vref, pin 13) is designed 
to drive this input as well as the offset control input. Normally, 
a 5 kQ potentiometer between Vref and GND (see standard 
configuration diagram) is used to vary the gain; however, 
any external OV to 5V DC source can be used, but some 
temperature performance degradation will result. 

The gain equation for the 1902 is: 

Vd = Vhv-Vo 

= V|N X V|G X 0.1 (±20%) X Rp* (±5%) X 0.9 
* Rp is inside the hybrid. Standard values are 200Q ±5% and 400a ±5%. 

Other values can be added externally. 

The overall gain of the 1902 may vary by ±20% due 
to process variations of internal components. Temperature 
variations also effect gain by as much as 150 ppm/°C. If 
more than one 1902 is used in a system, steps should be 
taken to make them track thermally (i.e., a common heat 
sink). This will reduce any mismatches due to varying 
ambient conditions. 

Offset (Brightness) Control 

VoF is the output offset (brightness) control input. It sets 
the quiescent output current in Rp, thereby setting the output 
quiescent voltage level. Output quiescent voltage can be 
adjusted from (several pA x Rp) to (100 mA x Rp), nominal. 
From Vhv this is accomplished by inputting a DC voltage in 
the OV to 5.5V range at Vqf- Normally, this input is from a 5 
kCi potentiometer between Vref and GND (see standard 
configuration diagram). 

Blank 

The blank input, when asserted (i.e., TTL HIGH), dis¬ 
ables the video input of the 1902 and sets the output to 
approximately Vhv- This input is independent of the input 
signal and operates with TTL levels. 


Table I. Typical Power Dissipations 


Reference Voltage 

Vref is a zener reference with a nominal output voltage 
of 5.5 V ±5%, and can source up to 4 mA. It is used to adjust 
offset and gain. 

Power Supplies 

Power supplies of 15V (±5%) and -10.5V (±5%) are 
required for proper operation. The negative supply can be 
set to -12V, but will increase the internal power dissipation 
and case temperature. Vhv is a function of the 1902 version 
selected. The maximum value is 120V, allowing up to 90 
Vp-p output signals. Assume that the absolute maximum 
value is Vhv (listed in the specification table) plus 5V; i.e., the 
1902-2 absolute maximum equals 125V. It is recommended 
the 1902 not be operated above Vhv- Because the output 
from this type of circuit is referenced to the Vhv rail, it is 
important that Vhv is very stable. In other words, there is no 
PSRR for Vhv- Your system supply will determine your DC 
stability. 

To achieve maximum high-frequency performance, good 
high-frequency grounding practices and PC board layout 
are mandatory. 

Supply Sequencing 

It is essential that the Vhv supply be brought up before 
Vee and Vcc when using the higher voltage versions of the 
1902. Supply sequencing is of less Importance when Vhv is 
less than 90V. The recommended sequence is Vhv, Vcc, then 
Vee- If sequencing cannot be done, the supplies should be 
brought up within a few milliseconds of each other. 

Power Dissipation 

The 1902 power dissipation will vary in accordance to 
load requirements and pixel size. The 1902 flat pack is 
designed to provide a low thermal resistance path from the 
hybrid circuit to an external heat sink. Mounting flanges 
provide solid mechanical and thermal attachment of the 
package to the heat sink. In addition, the package is elec¬ 
trically isolated so no mounting insulators are needed and 
the heat sink can be at any convenient potential. 


% of Time Signal is at Average Power Average Power 




Black 

White 

Max Signal 

Blank 

Black 

White 

Output Stage 

Total 


Vhv 

Level 

Level 

(Vo-Vblack) 

Level 

Level 

Level 

(Notes 1,2) 

(Notes 1,2) 

Device 

(V) 

(V) 

(V) 

(V) 

(%) 

(%) 

(%) 

(W) 

(W) 

1902-2 

120 

110 

20 

0 

100 

0 

0 

0 

2.5 

1902-2 

120 

110 

20 

90 

20 

40 

40 

13.2 

15.7 

1902-4 

70 

65 

15 

0 

100 

0 

0 

0 

2.5 

1902-4 

70 

65 

15 

50 

20 

40 

40 

8.4 

10.59 


NOTES: 1. input stage quiescent power is approximately 2.5W. 

2. Power dissipations listed do not include power dissipation due to switching. 
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COMPONENTS 


HIGH NEGATIVE-VOLTAGE VIDEO DRIVER 
FOR CRT MONITORS 


FEATURES 

■ Output Signals Into 10 pF Loads.80 Vp.p 

■ Rise and Fall Times @ 80 Vp.p.<4 ns 

■ User-Defined Pull-Down Resistor 

■ Linear Gain Adjustment for Matching 

■ Versions Available to Match Specific CRT 
Requirements 


APPLICATIONS 

■ CRT Monitors 
— Projection 
— High-Resolution 
— Beam Index 


STANDARD CONFIGURATION 


-10.5V ^ 
IMF 


0.1 _L 0.1 

‘"'T vee|vee | vee | k 

V 14 5 6 271 2 8 

V ' io.oi 

* X*"" ?7 

V i V 


1 uF 0.1 -L 


TO BIAS 
CIRCUITRY 


PL BLANK o-U 



VqUT 
(TO CRT) 


20,21 I 
HV BUFFER 






HIGH NEGATIVE-VOLTAGE VIDEO DRIVER 

FOR CRT MONITORS 


1903 __ 

GENERAL DESCRIPTION 

The 1903 is a high-performance, high-voltage amplifier types differ in peak-to-peak output signal swing. The 1903- 

designedto drive the grid in high-resolution, high-brightness 0 and 1903-2 are 90 Vp.p versions specified at less than 4 

CRT monitors and projection displays. ns rise and fall times. The 1903-0 and 1903-2 operate from 

The 1903 is replete with differential inputs, blanking a-95V rail, 
control, linearly-adjustable gain stage, adjustable offset and The 1903's are housed in hermetically-sealed, 30-pin 
a differential emitter-follower output stage. It Is capable of flat packs with mounting flanges suitable for 4-40 screws, 

driving 10 pF to 20 pF loads, can be driven directly from a The standard 1903-X Is specified for-25°C to +85°C opera- 

standard video DAC, and is RSI 70 and RS343 compatible. tion. The 1903-X-HR is specified for -55°C to +125°C 

The 1903 has four variants to suit different applications. operation. 

There are basically two types: Those with internal pull-down 
resistors and those that allow the user to choose and apply 
their own pull-down resistor. The parts within these two 


PIN CONFIGURATION 
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HIGH NEGATIVE-VOLTAGE VIDEO DRIVER 
FOR CRT MONITORS 


1903 


ORDERING INFORMATION 


Part Number 

Rp 

> 

I 

> 

Output Range 

Rise Time 

Fall Time 

Case Operating Temperature 

1903-0 

on* 

-95V 

-5V to -85V 

** 

** 

-25°C to +85®C 

1903-0-HR 

on* 

-95V 

-5V to -85V 

** 

** 

-55®C to-1-125^0 

1903-2 

400Q 

-95V 

-5V to -85V 

3 ns 

4.5 ns 

-25°C to +85°C 

1903-2-HR 

400D 

-95V 

-5V to -85V 

3 ns 

4.5 ns 

-55°C to+125“C 


*User must provide an external Rp. 

**Rise and fall times for devices with external Rp will approach the times specified here for corresponding values of external Rp versus internal Rp and 
output voltage swing. 


EVALUATION BOARDS 


Board 

Number 

Driver 

Number 

Description 



These are demonstration boards which allow a user to quickly and easily evaluate 
the operating characteristics of the video display drivers in conjunction with the user's 

6150-0 

1903 

display. These cards contain the chosen driver, all necessary connectors (power supply, 
input/output, control signal) as well as gain and offset adjustment circuits. These boards are 

6150-2 

1903-2 

compact (4.5" x 4.5" max) and are supplied with an attached heat sink for thermal 
management. An application note is included with evaluation board to simplify the 
evaluation of driver performance. 

6150-98 


Heat sink used with the evaluation board. 

6150-99 


Fully assembled evaluation board with no hybrid inserted. 


ABSOLUTE MAXIMUM RATINGS 

Vhv Load Resistor Supply. (Vhv Max +5V) 

Vcc Positive IC Supply.+22V 

Vee Negative IC Supply.-12V 

Vide Differential Input Voltage.+2V 

VicM Common-Mode Input Voltage.±2V 

ViG Gain Adjustment Input Voltage.+6V 

Vqf Offset Adjustment Input Voltage.+6V 

Vblank Blank Input Voltage.-i-6V 

Irp Total Current Through Rp (Note 1).290 mA 

Iref Reference Output Current.-5 mA 


Tc Operating Case Temperature Range 

1903.-25°Cto+85°C 

1903-X-HR.-55°C to +125°C 

Tj Operating Junction Temperature Range 

.-55°C to +150°C 

0JC Junction-to-Case Thermal Resistance 

.10°C/W (For Ocas and control IC) 

.1.25°C/W (For Rp internal) 

Tstg Storage Temperature Range.-55®C to -f150°C 

Ts Lead Temperature (Soldering, <10 sec)... +260°C 


ELECTRICAL CHARACTERISTICS: Tc = +25°C. Vee = -10.5V, Vcc = 20V, Vhv = Max, that is, -95V, Vrlank = 
TTL Low, V|G = Vqf = ±Vin = OV, Cl = 10 pF^^^ and external Rp = 400a (1903-0), unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Sbgrp* 

Min 

Typ 

Max 

Unit 

Input 

ViN 

Input Voltage Range 

Referenced to Ground, 

Excluding Vqm 

— 

-- 


±0.714 

V 

Ib 

Input Bias Current 


— 

-50 

— 

50 

pA 

VcM 

Input Common-Mode Range 


— 

-0.5 

— 

0.5 

V 
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HIGH NEGATIVE-VOLTAGE VIDEO DRIVER 

FOR CRT MONITORS 


1903 


ELECTRICAL CHARACTERISTICS (Cont.) 


Symbol 

Parameter Test Conditions 

Min 

Typ 

Max 

Unit 

Input (cont.) 






CMRR 

Common-Mode Rejection Ratio 

VcM = ±0.5V 

— 

40 

— 

dB 

Rin 

Signal Input Impedance 


10 

20 

— 

kQ 

CiN 

Signal Input Capacitance 



2 

— 

pF 

VoF 

Offset Adjust Input Voltage 


0 

— 

5.5 

V 

loF 

Offset Adjust Input Current 

Vof=1V 

0.5 

— 

10 

pA 

V,G 

Gain Adjust Input Voltage 


0 

— 

5 

V 

l|G 

Gain Adjust Input Current 

V,g = 5V 

0.5 

— 

10 

pA 

Digital Inputs 






IlL 

Input Logic "O" Current 

Vblank = 0.4V 

o 

o 

CO 

1 

— 

-400 

pA 

IlH 

Input Logic "1“ Current 

Vblank = 2.4V 

-400 

— 

-200 

pA 

Output 







Vo 

Output Voltage Range 1903-0, -2 

Vhv = Max 

— 

— 

80 

Vp.p 

Rp 

Internal Pull-Down 1903-0 

Rp is External and Is User-Supplied 

__ 

0 

— 

Q 


Resistor 1903-2 


380 

— 

420 

n 

Vab 

Va in BLANK Mode 1903-0 

Vblank = 2.4V, Vqf = 1V, Vig = 5V 

-2xRp 

— 

Rp 

mV 


(Note 4) 







OJ 

CO 

o 

o> 

1 

> 

II 

Vblank = 2.4V, Vqf = 1V, Vig = 5V 

-2.5xRp 

— 

0.4 

V 




-1 

— 

0.4 

V 

Vabir 

BLANK Mode Input (Note 4) 

Vblank = 2.4V, AVin = 0.3V, V|g = 5V 

-2xRp 

— 

2xRp 

mV 


Rejection 1903-0, -3 

Vblank = 2.4V. AVin = 0.3V, Vig = 5V 

-0.8 

— 

0.8 

V 

VaA/os 

Va Offset Voltage (Note that 1903-0 uses 400a load resistor) I 






Min 1903-2 

V|g = 4V 

-0.2 

— 

-10 

V 


Max 1903-2 

< 

o 

Tl 

II 

cn 

< 

-52 

— 

-32 

V 

VoA/,g 

Va vs Gain Adjust 1903-0 

AV|g = 5V 

— 

_ 

±10xRf 

mV 


1903-2 

AVia = 5V 


— 

±4 

V 

VaTc 

Va Over Temperature 1903-0 

Tc = +25‘»Cto +75°C 

— 

— 

±2xRp 

mV 


1903-2 

Tc = +25®C to +75®C 

— 

— 

±0.84 

V 

Vref 

Reference Voltage 

Vcc and Vee = Nominal ±10% 

5.25 

— 

5.75 

V 

•ref 

Reference Current 


— 

— 

4 

mA 

Transfer 







A 

Voltage Gain (Note 4) 1903-0, -2 

V|G = 3V, AViisi = 0.6V 

71.5 

— 

133.8 


LEa 

Linearity Error Amplifier V|g = 4V, Vqf 

= 1V, Vcm^±0.5V 

__ 

— 

±2 

%GS 







(Note 3) 

LEga 

Linearity Error Gain Adjust 

V|N = 0.2V, Vqf = 1V, VcM ^ ±0.5V 

— 

— 

±2 

%GS 







(Note 3) 

Dynamic 







tR 

Output Rise Time 1903-0, -2 

AVin = 0.6V, tp (Vin) = 1 ns, Cl = 15 pF 


3 

4 

ns 


From ±V|N (Note 5) 25°C, -SS'C 

Vo = ~5Vto-85V (Note 2) 





tF 

Output Fall Time 1903-0, -2 

AVin = 0.6V, Ir (Vin) = 1 ns. Cl = 15 pF 

— 

4 

6 

ns 


From ±V|N (Note 5) 25®C, -55«C 

Vo = -5V to -85V (Note 2) 





tR.tp 

Output Rise and Fall 1903-0, -2 

HRonly, 125®C 


6 

9 

ns 


Time From ±Vin (Note 5) 






tBPW 

Blanking Input Pulse Width 


30 

— 

— 

ns 

THD 

Thermal Distortion 


— 

— 

±2 

%GS 







(Note 3) 
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HIGH NEGATIVE-VOLTAGE VIDEO DRIVER 
FOR CRT MONITORS 


1903 


ELECTRICAL CHARACTERISTICS (Cont.) 


Symbol 

Parameter Test Conditions 

Min 

Typ 

Max 

Unit 

Power Supplies 





Vcc 

Positive IC Voltage 

19.5 

20 

20.5 

V 

Vee 

Negative IC Voltage 

-10 

-10.5 

-11 

V 

Vhv 

High Voltage Supply 1903-0, -2 

0 

— 

-105 

V 


1903-1, -3 

0 

— 

-85 

V 

Icc 

Positive Supply Current 

— 

— 

100 

mA 

Iee 

Negative Supply Current 

— 

— 

-90 

mA 

PSRR 

Power Supply Rejection Ratio Vee and Vcc = Nominal ±5% 

25 

— 


dB 

PD 

Power Dissipation 

— 

(Note 6) 

— 

W 


Limits printed in boldface type are guaranteed and 100% production tested. Limits in normal font are guaranteed but not 100% production tested. 
Standard part tested at room temperature. HR parts tested at +125°C, -55°C & +25°C. 

NOTES: 1. This limit only applies when Vhv is greater than -60V. 

2. Total load capacitance on the output mode of the IC includes load capacitance and parasitic. 

3. ''%GS" means percent of grey scale, referring to RS343 standard video levels. 

4. All characterization measurements are made using a 4000 resistor. 

5. Rise and fall times for devices with external Rp will approach the times specified here for corresponding values of external Rp versus 
internal Rp and output voltage swing, depending on PC board layout parasitics. 

6. Refer to Table I, page 6, for power.dissipation specifications. 


APPLICATIONS INFORMATION 
Initial Setup 

The initial setup of the 1903 requires proper setting of 
the VoF and Vig inputs to obtain balanced rise and fall 
times. If the black level (Vqf) is set too low, it will slow the 
output fall time and limit the bandwidth of the 1903. If It is 
set too high, It will limit the rise time. Similar effects will 
result If the gain control (Vig) is set too high. 

Signal Inputs 

The analog inputs are +Vin and -Vin. They are designed 
to accept RS343 signals, ±0.714 Vp.p. It is recommended 
that the Input signal be limited to ±1.3V, referenced to 
ground (0.714V signal + 0.5V common mode). Offsets of 
±2V (referenced to ground, signal included) can be tolerated 
without damage to the device, but are not recommended. 

Output Voltage 

The output voltage Is controlled by the breakdown 
voltages of transistors Qcas. Qn, and Qp (see standard 
configuration diagram), and the value of Rp. The maximum 
output voltage swing is determined by Vpp = 250 mA x Rp. 

The rise and fall time specifications are based on 
conservatively-peaked devices (<5% at the max Vp-p). The 
internal pull-down resistor (Rp) is connected directly to pins 
16 and 17. External peaking can be added; use Inductors 
with a high self-resonant frequency and try to minimize 
capacitive coupling to ground. If no external resistors or 
inductors are added, use good, high-frequency bypassing 
on pins 16 and 17. 


If large arc-protection resistors are used; i.e., >50Q, use 
of a series inductor may improve the rise time of the output 
signal. 

DC Gain (Contrast) Control 

V|Q is the DC gain (contrast) control input. It can vary the 
device gain linearly from 0 to 100 by Inputting a voltage from 
OV to 5V. The Internal reference (Vref. pin 13) is designed 
to drive this Input as well as the offset control Input. Normally, 
a 5 kQ potentiometer between Vref and GND (see standard 
configuration diagram) is used to vary the gain. However, 
any external OV to 5V DC source can be used, but some 
temperature performance degradation will result. 

The gain equation for the 1903 Is: 

[Vhv - Vo] = (Vin x V|g x 0.1 (±20%) 

X Rp (±5%) X 0.9 

*Rp can be the internal 400Q resistor or an external user-defined/ 

supplied resistor. 

The overall gain of the 1903 may vary by ±20% due to 
process variations of the Internal components. Temperature 
variations also affect gain by as much as 150 ppm/°C. If 
more than one 1903 is used in a system, steps should be 
takento have them trackthermally; i.e., a common heatsink. 
This will reduce any mismatches due to varying ambient 
conditions. 
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1903 


Offset (Brightness) Control 

VoF is the output offset (brightness) control input. It sets 
the quiescent output current, in Rp, thereby setting the out¬ 
put quiescent voltage level. Output quiescent voltage can be 
adjusted from several pAx Rpto 100 mAx Rp, nominal, from 
the Vhv rail. This is accomplished by inputting a DC voltage 
in the OV to 5.5V range at Vqf- Normally, this input is from 
a 5 kW potentiometer bertween Vref and GND (see stan¬ 
dard configuration diagram). 

Blank 

The blank input, when asserted (i.e., TTL HIGH), dis¬ 
ables the video input of the 1903 and sets the output to 
approximately Vhv- This input Is independent of the input 
signal and operates with TTL levels. 

Reference Voltage 

Vref is a zener reference with a nominal output voltage 
of 5.5V ±5%, and can source up to 4 mA. It is used In 
adjusting offset and gain. 

Power Supply 

Power supplies of 20V (±5%) and -10.5V (±5%) are 
required for proper operation. The negative supply can be 
set to -12V, but will increase the internal power dissipation 
and case temperature. Vhv is a function of the 1903 version 
selected. The maximum voltage is -95V, allowing up to 80 
Vp.p output signals. The absolute maximum voltage, to 
preclude damage, is equal to the Vhv listed In the specifica¬ 
tion table, plus 5V. For example, the 1903-0 absolute maxi¬ 
mum is -1OOV. It is recommended that the high voltage 
supply not exceed the listed Vhv- 


Due to the fact the output from thjs type of circuit is 
referenced to the Vhv rail, there is no PSRR for Vhv- 
Therefore, it is important that the Vhv rail is very stable. Your 
system power supply will determine your DC stability. 

To achieve maximum high-frequency performance, good 
high-frequency grounding practices and PC board layout 
are mandatory. For best performance, the case must be 
held at AC ground. That is, if the case cannot be grounded 
directly (such as through a grounded heat sink). It should be 
capacitively grounded. 

Supply Sequencing 

It Is essential that the Vhv supply be brought up before 
Vee and Vcc when using the higher voltage version of the 
1903. Supply sequencing is less Important when Vhv is less 
than -70V. The recommended sequence Is Vhv, Vcc then 
Vee- If sequencing is not possible, the supplies should be 
brought up within a few milliseconds of each other. 

Power Dissipation 

The 1903 power dissipation will vary In accordance to 
load requirements and pixel size. The 1903 flat pack is 
designed to provide a low thermal resistance path from the 
hybrid circuit to an external heat sink. Mounting flanges 
provide solid mechanical and thermal attachment of the 
package to the heat sink. In addition, the package is electri¬ 
cally Isolated so no mounting Insulators are needed and the 
heat sink can be at any convenient voltage potential. (See 
Table I.) 


Table I. Typical Power Dissipations 







% of Time Signal is at 

Average Power 

Average Power 



Black 

White 

Max. Signal 

Blank 

Black 

White 

Output Stage 

Total 


Vhv 

Level 

Level 

(Vq-Vblack) 

Level 

Level 

Level 

(Notes 1, 2) 

(Notes 1,2) 

Device 

(V) 

(V) 

(V) 

(V) 

(%) 

(%) 

(%) 

(W) 

(W) 

1903-2 

-95 

-85 

-5 

0 

100 

0 

0 

0 

2.5 

1903-2 

-95 

-85 

-5 

80 

20 

40 

40 

13.5 

16 


NOTES: 1. Input stage quiescent power is approximately 2.5W. 

2. Power dissipations listed do not include power dissipation due to switching. 
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^A^TELEDYNE 

COMPONENTS 

TC7211A 

TC7212A 


4-DIGIT CMOS DISPLAY DECODER/DRIVER 


FEATURES 

TC7211A(LCD DRIVER) 

■ 4>Digit Nonmultiplexed, 7*Segment LCD Outputs 
With Backplane Driver 

■ RC Oscillator On Chip Generates Backplane Drive 
Signal 

■ Eliminates DC Bias Which Degrades LCD Life 

■ Backplane Input/Output Pin Permits Synchro¬ 
nization of Cascaded Slave Device to a Master 
Backplane Signal 

■ Separate Digit Select Inputs to Accept Multiplexed 
BCD/Binary Inputs 

■ Binary and BCD Inputs Decoded to Code B 
(0 to 9, —, E, H, L, P, Blank) 

■ Pin Compatible and Functionally Equivalent to 
ICM7211Aand DF411 

■ Connect to TC7135 in Flat Package for Compact 
4-1/2 Digit Meter Systems 

TC7212A (LED DRIVER) 

■ 28 Current Limited Outputs Drive Common-Anode 
LEDs at Greater than 5 mA Per Segment 

■ Brightness Input Allows Potentiometer Control of 
LED Segment Current Pin Also Serves as Digital 
Display Enable 

■ Same Input Configuration and Output Decoding 
as the TC7211A 

■ Pin compatible and Functionally Equivalent to 
iCM7212A 


GENERAL DESCRIPTION 

The TC7211A (LCD Decoder/Driver) and TC7212A 
(LED Decoder/Driver) is a direct drive, 4-digit, 7-segment 
display decoder and driver. 

The TC7211A drives conventional LCDs. An RC oscil¬ 
lator, divider chain, backplane driver, and 28-segment out¬ 
puts are provided on a single CMOS chip. The segment 
drivers supply square waves of the same frequency as the 
backplane, but in-phase for an OFF segment and out-of- 
phase for an ON segment. The net DC voltage applied 
between driver segment and backplane is zero. 

The TC7212A Drives common -anode LED displays 
with 28 current controlled, low leakage, open, N-Channel 
output transistors. The brightness control input can be 
used as a digital display enable. A varying voltage at the 
control input will allow continuous display brightness control. 

The TC7211A (LCD) and TC7212A (LED) requires 
only 4 data bit inputs and 4 digit select signals to interface 
with multiplexed BCD or binary output devices (such as the 
ICM7217, ICM7226, ICL7103andTC7135). The 4-bit binary 
input code is decoded Into the 7-segment alphanumeric 
code known as “Code B.” 

The "Code B" output format results In a 0 to 9, —, E, H, 
L, P or blank display. True BCD or binary inputs will be 
correctly decoded to the 7-segment display format. 

The CMOS TC7211A and TC7212A are available in a 
40-pin epoxy dual-in-line package and a compact 60-pin 
flat package. All Inputs are protected against static dis¬ 
charge. 
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4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TC7211A 

TC7212A 
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DRIVER 

ENABLE 


. BACKPLANE 
INPUT/OUTPUT 


ENABLE 

DETECTOR 


FUNCTIONAL BLOCK DIAGRAM 


DATA 

INPUTS 


DIGIT 

SELECT 

INPUTS 


TC7212A 

V+-^ 


GND-► 


I 


D4 

SEGMENT 

OUTPUTS 


D3 

SEGMENT 

OUTPUTS 


D2 

SEGMENT 

OUTPUTS 


D1 

SEGMENT 

OUTPUTS 




7 WIDE 


7 WIDE 

DRIVER 

■ 

DRIVER 




7 WIDE 

■ 

7 WIDE 

LATCH ENABLE 


1 

LATCH ENABLE 

^"■rrrTTT-H 


■ 


PROGRAMMABLE 


1 

PROGRAMMABLE 

4-TO-7 DECODER 


1 

4-TO-7 DECODER 






7 WIDE 


7 WIDE 

DRIVER 


DRIVER 

1 1 1 II 1 1 



7 WIDE 


7 WIDE 

LATCH ENABLE 



LATCH ENABLE 
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PIN CONFIGURATIONS 
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TC7211A 

TC7212A 


PIN CONFIGURATIONS 


v+ [T 


4F| D1 

El [Y 


39] C1 

G1 [T 


38] B1 

F1 [T 


37l A1 

BRT [Y 


"36] GND 

A2 [X 


~35\ GND 

B2 [T 


34] D4 

C2 [T 


3F| D3 

D2 [X 


32] D2 

E2 [X 


ID D1 

G2 IjT 

TC7212A (LED) 

~30 \ B3 

F2 QF 


Fil B2 

A3 QT 


28] B1 

CO 

ffl 


27] BO 

C3 QF 


'261 F4 

D3 [X 


XI G4 

E3 [W 


FT] E4 











DIGIT 

SELECT 

INPUTS 


DATA 

INPUTS 


4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 



NOTES: 1 . NC = No internal connection. 

2. Pins 8, 23, 38 and 53 are connected to the die substrate. 
The potential at these pins is approximately V^. 

No external connections should be made. 



4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 


TC7211A 

TC7212A 


ORDERING INFORMATION 


TIMING DIAGRAMS 


Part No. 

Driver 

Type 

Package 

Output 

Code 

Input 

Config. 

TC7211AIPL 

LCD 

40-Pin 

Plastic DIP 

Code B 

Multiplexed 
4-bit Binary 
or BCD 

TC7212AIPL 

LED 

40-Pin 

Plastic DIP 

Code B 

Multiplexed 
4-bit Binary 
or BCD 

TC7211AIJL 

LCD 

40-Pin 

CerDIP 

Code B 

Multiplexed 
4-bit Binary 
or BCD 

TC7212AIJL 

LED 

40-Pin 

CerDIP 

Code B 

Multiplexed 
4-bit Binary 
or BCD 

TC7211AIBQ 

LCD 

60-Pin 

Flat Package 
Form Leads 

Code B 

Multiplexed 
4-bit Binary 
or BCD 

TC7212AIBQ 

LED 

60-Pin 

Flat Package 
Form Leads 

Code B 

Multiplexed 
4-bit Binary 
or BCD 

TEST CIRCUIT 


LOAD EACH 
SEGMENT TO 
BACKPLANE 
WITH 200 pF 
CAPACITOR 



DIGIT 

^ ‘IPS ^ 

4 *SA ^ 


V. 


Dn-1 ^ 


tDH-► 


- 

DIGIT y 

z' \ 

Dn 




VALID 


OSCILLATOR 

FREQUENCY 




BACKPLANE . 
INPUT/OUTPUT 


OFF SEGMENTS ' 


^CLES 


ON SEGMENTS ■ 
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4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 


TC7211A 

TC7212A 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage.+6.5V 

Input Voltage, Any Terminal 

(Note 2).V+ +0.3V, GND ~0.3V 

Power Dissipation (Note 1).0.8 W at +70‘^C 

Operating Temperature Range.-20°C to +85X 

Storage Temperature Range.-05°C to +150°C 

Lead Temperature (Soldering, 10 sec). h-SOO^'C 

Stresses above those listed under "Absolute Maximum Ratings* may 
cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above 

TABLE I: OPERATING CHARACTERISTICS 


those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

NOTES: 1. This limit refers to that of the package and will not be realized 
during normal operation. 

2. Due to the SCR structure inherent in the CMOS process, 
connecting any terminal to voltages greater than or less 
that GND may cause destructive latch-up. For this reason it 
is recommended that inputs from external sources not oper¬ 
ating on the same power supply not be applied to the device 
before its supply is established, and, in multiple supply 
systems, the supply to the TC7211A/TC7212A be turned on 
first. 


Test Conditions: All parameters measured with V-t- = 5V 
TC7211A Characteristics (LCD Decoder/Priver)_ 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Vsup 

Operating Voltage Range 


3 

5 

6 

V 

lop 

Operating Current 

Display Blank 

— 

10 

50 

pA 

bsci 

Oscillator Input Current 

Pin 36 

— 

±2 

±10 

pA 

tRFS 

Segment Rise/Fall Time 

Cl =200 pF 

— 

0.5 

— 

pA 

tpFB 

Backplane Rise/Fall Time 

Cl =5000 pF 

— 

1.5 

— 

[IS 

fosc 

Oscillator Frequency 

Pin 36 Floating 

— 

16 

— 

kHz 

bp 

Backplane Frequency 

Pin 36 Floating 

— 

125 

— 

Hz 

TC7212A Characteristics (Common-Anode LED Decoder/Driver) 

Vsup 

Operating Voltage Range 


4 

5 

6 

V 

lop 

Operating Current 

Pin 5 (Brightness), 

— 

10 

50 

pA 


Display Off 

Pins 27-34 = GROUND 





lop 

Operating Current 

Pin 5 at V-f, Display all 8's 

— 

200 

— 

mA 

ISLK 

Segment Leakage Current 

Segment Off 

— 

± 0.01 

±1 

pA 

ISEG 

Segment On Current 

Segment On, Vo = +3V 

5 

8 

— 

mA 

ViH 

Logic “1” High Input Voltage 


3 

— 

— 

V 

ViL 

Logic “0" Low Input Voltage 


__ 

— 

1 

V 

IlLK 

Input Leakage Current 

Pins 27-34 

— 

± 0.01 

±1 

pA 

C|N 

Input Capacitance 

Pins 27-34 

— 

5 

— 

pF 

Ibplk 

BP/Brightness Input Current 
Leakage 

Measured at Pin 5 With 

Pin 36 at GND 

— 

± 0.01 

±1 

[iA 

Cbpi 

BP/Brightness Input Capacitance All Devices 

— 

200 

— 

pF 

AC Characteristics (LCD and LED Decoder/Driver) 

tSA 

Chip Select Active Pulse Width 

Refer to Timing Diagrams 

1 

— 


[IS 

tDS 

Data Valid Time 

Refer to Timing Diagrams 

— 

— 


ns 

toH 

Data Hold Time 

Refer to Timing Diagrams 

200 


— 

ns 

tlDS 

Inter-Digit Select Time 

Refer to Timing Diagrams 

2 

— 

— 

[IS 
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4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TC7211A 

TC7212A 


INPUT DEFINITIONS 

In this table, V'^ and GND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 

Input 

Pin No. 

Condition 

Function 


BO 

27 (49) 

V'^ = Logic “1 ” 

GND = Logic “0” 

Ones (Least Significant) 


B1 

28 (50) 

y* = Logic “1 ” 

GND = Logic “0” 

Twos 

^ Data Input Bits 

B2 

29 (51) 

V+ = Logic “1” 

GND = Logic “0” 

Fours 

B3 

30 (52) 

= Logic “I*’ 

GND = Logic “0” 

Eights (Most Significant) 


OSC 

36(1) 

Floating or with 
external capacitor GND 

Oscillator input. Disables BP output devices, allowing segments to be 
synchronized to an external signal input at the BP terminal (pin 5) 

D1 

31 (54) 


D1 Digit Select (Least Significant) 

D2 

32 (55) 

V"^ = Active 

D2 Digit Select 


D3 

33 (56) 

GND = Inactive 

D3 Digit Select 


D4 

34 (57) 


D4 Digit Select (Most Significant) 

OUTPUT DEFINITIONS 

Output pins are defined by the alphabetical segment assignment and numerical digital assignment. 

Output 

Pin No. 

Function 

Output Pin No. 

Function 


A1 

B1 

C1 

D1 

El 

FI 

G1 


37 (3) A Segment Drive Digit 1 (LSD) A3 13(26) A Segment Drive Digit 3 


38 (5) B 



B3 14(27) B 


39 (6) C 



C3 15 (28) C 


40 (7) D 



D3 16(33) D 


2(10) E 



E3 17(34) E 


4(12) F 



F3 19(36) F 


3(11) G ^ 


f 1 

r G3 18(35) G } 

f I 


A2 6(18) A Segment Drive Digit 2 A4 20(37) A Segment Drive Digit 4 (MSD) 


B2 7(19) B 


B4 21 (39) B 



C2 8 (20) C 


C4 22 (40) C 



D2 9(21) D 


D4 23(41) D 



E2 10(22) E 


E4 24 (42) E 



F2 12(25) F 


F4 26 (48) F 



G2 11 (24) G i 

r t 

r G4 25 (43) G 1 

r 1 

r T 


*Pin number in parentheses ( ) are for 60-pin flat pack. 



DIGIT ASSIGNMENT 



11-7 



ISEG MA Iqp (fiA) 


4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TC7211A 

TC7212A 


TYPICAL OPERATING CHARACTERISTICS CURVES 


Operating Supply Current 
vs Supply Voltage 


Backplane Frequency 
vs Supply Voltage 


LED Segment Current 
vs Output Voltage 



1 2 3 4 5 6 7 

V+ VOLTS 


a 

ffi 



V+ VOLTS 



1 2 3 4 5 6 

Vo VOLTS 


LED Segment Current vs 
Brightness Control Voltage 



1 2 3 4 5 6 

VpiNs VOLTS 


Operating Power (LED Display) 
vs Supply Voltage 



4 5 6 

V + VOLTS 


11-8 












4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 


TC7211A 

TC7212A 


BASIC OPERATION 

The TC7211A drives 4-digit by 7-segment LCDs. The 
device contains 28 individual segment drivers, a backplane 
driver, an on-chip oscillator, and a divider chain to generate 
the backplane signal. 

The 28 CMOS segment drivers and backplane driver 
contain ratioed N- and P-channel transistors for identical 
“ON” resistance. The equal resistances eliminate the DC 
output driver component resulting from unequal rise and fall 
times. This ensures maximum LCD life. 

The backplane output driver can be disabled by ground¬ 
ing the OSCILLATOR input (pin 36). The 28 output segment 
drivers can therefore be synchronized directly to an input 
signal at the backplane (BP) terminal (pin 5). Several slave 
devices may be cascaded to the backplane output of a 
master device. The backplane signal may also be derived 
from an external source. These features permit interfacing 
to single backplane LCDs with characters in multiples of 
four. (See Figure 1.) 

Each slave’s backplane input represents only a 200 pF 
capacitive load to the master backplane driver (comparable 
to one additional segment). The number of slave devices 
drivable by a master device Is therefore set by the larger 
display backplane capacitive load. The master backplane 
output will drive the display backplane of 16 one-half-inch 
characters with rise and fall times under 5 |is. This represents 
a system with three slave devices and a fourth master device 
driving the backplane. 


If more than four devices are slaved together, the 
backplane signal should be derived externally and all 
TC7211A devices slaved to it. The external drive signal 
must drive a high capacitive load with 1)is to 2 ps rise and 
fall times. The backplane frequency is normally 125 Hz. At 
lower display ambient temperatures, the frequency may be 
reduced to compensate for display response time. 

The on-chip RC oscillator free-runs at approximately 
16 kHz. A -i-128 circuit provides the 125 Hz backplane 
frequency. The oscillator frequency may be reduced by 
connecting an external capacitor between the oscillator 
terminal and V+. (See typical operating characteristics 
curves.) 

The free-running oscillator may be overridden (if de¬ 
sired) by an external clock. The backplane driver, however, 
must not be disabled during the external clock’s negative or 
low portion, as this will result in a DC drive component 
being applied to the LCD, limiting the LCD’s life. To pre¬ 
vent backplane driver disabling, the oscillator input should 
be driven from the positive supply to no less than one-fifth 
the supply voltage above ground. A backplane disable 
signal will not be sensed if the driving signal remains above 
ground by one-fifth the supply voltage. An alternate method 
for externally driving the oscillatorpermitsthe oscillator input 
to swing the full supply voltage range. The oscillator input 
signal duty cycle is skewed so the low portion duration is less 
than 1 ps. The backplane disable sensing circuit will not 
respond to such a short signal. 



Figure 1. TC7211AM Driving an 8-Digit LCD Display in Master/Slave Configuration 



4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TC7211A 

TC7212A 


TC7212A LED Decoder 

The brightness input may also be operated digitally as 
a display enable. At a logic 1 the display is fully "ON" and at 
a logic signal of varying duty cycle also. When operating with 
LEDs at a higher temperatures and/or higher supply volt¬ 
ages, the device power dissipation may need to be reduced 
to prevent excessive chip temperature rise. The maximum 
TC7212AM LED Decoder/Driver 

The TC7212AM directly drives four digit, seven seg¬ 
ment, common-anode LED displays. The 28 segment driv¬ 
ers are low leakage, current controlled, open drain N- 
channel MOS transistors. 

A brightness input (pin 5) can be used in two ways to 
control output transistor drain current. The voltage at the 
brightness control input is transferred to the output transistor 
gate for "ON" segments. The brightness voltage directly 
modulates the segment drivers "ON" resistance. A variable 
brightness control may be implemented with a single poten¬ 
tiometer (Figure 4). A high value potentiomenter (100 kOto 
1 MI) ) will minimize power consumption. The maximum 
power dissipation Is 1 watt at 25® C. Derate linearly above 35° 
C to 500 mW at 70°C (-15 mW/° C above 35°C). Power 
dissipation for the device is given by: 

p - (v+ -Vfled) (Iseg) (hseg) 

where Vfled is the LED forward voltage drop, Iseg is seg¬ 
ment current, and nseg is the number of "ON" segments. If the 
device is operated at elevated temperatures, the segment 
current can be limited through the brightness input to keep 
power dissipation within the limits described above. 

The display may be blanked (all segments OFF) by 
applying the input code 1111 or by driving the brightness pin 
witha logic). If brightness control is not needed, pin 5 should 
be tied to 5.0 V. 



Figure 2. Brightness Control 


Input Configuration and Output Codes 

The TC7211AIVI accepts a 4-bit, true binary (positive 
level = logic “1 ”) input at pin 27 (LSB) through pin 30 (MSB). 
The binary input is decoded to the 7-segment output known 
as Code B. The output display format is 0 to 9, —, E, H, L, 
P and blank display (see Table I). Segment assignments are 
shown in Figure 3. The TC7211AM will correctly decode 
binary and BCD true codes to a 7-$egment output. 


The TC7211A accepts multiplexed binary or BCD input 
data at pin 27 (LSB) through pin 30 (MSB). Pins 31 (LSD) 
through 34 (MSD) are the digit select lines. When the digit 
select line Is taken to logic “1”, Input data is decoded and 
stored in the enabled output latch of the selected digit. More 
than one digit select line may be activated simultaneously. 
The same character will be written into all selected digits. 
(See Figure 5 for decoder segment assignments.) 


Table I. Output Code 


B3 

Binary Input 
B2 B1 

BO 

Code B 

0 

0 

0 

0 

! 0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

2 

0 

0 

1 

1 

3 

0 

1 

0 

0 

4 

0 

1 

0 

1 

5 

0 

1 

1 

0 

6 

0 

1 

1 

1 

7 

1 

0 

0 

0 

8 

1 

0 

0 

1 

9 

1 

0 

1 

0 

— 

1 

0 

1 

1 

E 

1 

1 

0 

0 

H 

1 

1 

0 

1 

L 

1 

1 

1 

0 

P 

1 

1 

1 

1 

(Blank) 



Figure 3. Segment Assignment 
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4-DIGIT CMOS DISPLAY 
DECQDER/DRIVER 

TC7211A 

TC7212A 


Special Order Decoder Option Applications Information 

The TC7211A is mask programmed to give the 16 The TC7212 A has two ground pins. Theses should be 

combinations of 7-segment output codes. For large volume connected together, 
orders (50K pieces minimum), custom decoder options are 
available. Contact Teledyne Components for details. 


TYPICAL APPLICATIONS 



Figure 4. LCD Display interface to 4-Digit Counter 
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4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 
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TC7212A 


TYPICAL APPLICATIONS (Cont.) 



Figure 6. 4-1/2 Digit ADC Interfaced to LCD Display with Digit Blanking on Overrange 
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4-DIGIT CMOS DISPLAY 
DECODER/DRIVER 

TC7211A 

TC7212A 


TYPICAL APPLICATIONS (Cont.) 



- ANALOG GND 


Figure 7. 4-1/2 Digit ADC Interfaced to LCD Display with Digit Blanking on Overrange 
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4-DIGIT CMOS DISPLAY 
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TYPICAL APPLICATIONS (Cont.) 



Figure 8: LCD Interface to SY6522 VIA 



Figure 9: Digital Scale With LCD Readout 







IP^^TELEDYNE 

COMPONENTS 


TC7211AM 

TC7212AM 


BUS COMPATIBLE 4-DIGIT CMOS DECODER/DRIVER 


FEATURES 


GENERAL DESCRIPTION 


TC7211AM (LCD DRIVER) 

■ 4-Digit Non-Multiplexed 7-Segment LCD Outputs 
With Backplane Driver 

■ Input and Digit Select Data Latches 

■ RC Oscillator On-Chip Generates Backplane 
Drive Signal 

■ Eliminates DC Bias Which Degrades LCD Life 

■ Backplane Input/Output Pin Permits 
Synchronization of Cascaded Slave Device to 
a Master Backplane Signal 

■ Binary and BCD inputs Decoded to Code B 
(0 to 9, —, E, H, L, P, Blank) 

■ Pin Compatible and Functionally Equivalent to 
ICM7211AM 

TC7212AM (LED DRIVER) 

■ 28 Current Limited Outputs Drive Common-Anode 
LEDs at 8 mA Per Segment 

■ input and Digit Select Data Latches 

■ Brightness Input Allows Potentiometer Control of 
LED Segment current. Pin Also Serves as Digital 
Display Enable 

■ Same input Configuration and Output Decoding 
as the TCM7211AM 

■ Pin Compatible and Functionally Equivalent to 
ICM7212AM 


TheTC7211AM (LCD Decoder/driver) and TC7211AM 
are CMOS direct drive, 4-digit, 7-segment display decoder 
and driver. The devices are bus compatible making micro¬ 
processor controlled displays possible. Two chip select 
signals control data and digit select code latching prior to 
decoding and display. External data latches are unneces¬ 
sary. 

The TC7211AM drives conventional LCDs. An RC os¬ 
cillator, divider chain, backplane driver, and 28-segment 
outputs are provided on a single CMOS chip. The segment 
drivers supply square waves of the same frequency as the 
backplane, but in-phase for an OFF segment and out-of¬ 
phase for an ON segment. The net DC voltage applied 
between driver segment and backplane is near zero maxi¬ 
mizing display lifetime. 

The TC7212AM drives common-anode LED displays 
with 28 current controlled, low leakage, open drain, N- 
Channel output transistors. The brightness control Input 
can be used as a digital display enable. A varying voltage 
at the control input will allow continous display brightness 
control. 

The four bit binary Input code is decoded into the 
seven segment alphanumeric code known as "Code B". 
The "Code B" output format results in a 0 to 9,—, E, H, L, P 
or blank display. True BCD or binary inputs will be correctly 
decoded to the seven segment display format. 
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BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 

TC7211AM 

TC7212AM 


FUNCTIONAL BLOCK DIAGRAM 


TC7211AM 

V+ CH-► 


GND -► 


DATA 

INPUTS 


i 


^27 BO 


,28 B1 


,29_B2 


'30 B3 


4-BIT 

LATCH 


D4 D3 

SEGMENT SEGMENT 

OUTPUTS OUTPUTS 




7 WIDE 


7 WIDE 

DRIVER 


DRIVER 

* 'l"T "rT I I I 


I I "I I I" II 

7 WIDE 


7 WIDE 

LATCH ENABLE 



LATCH ENABLE 

Ti ri ri r 




PROGRAMMABLE 




4-TO-7 DECODER 





ITTT~^.^ 


D2 D1 

SEGMENT SEGMENT 

OUTPUTS OUTPUTS 


fttltti. .4414414 


7 WIDE 


7 WIDE 

DRIVER 

■ 

DRIVER 



1 1 1 1 1 1 1 

7 WIDE 

■ 

7 WIDE 

LATCH ENABLE 

1 


LATCH ENABLE 




.1 1.1 1 "1 1 '1 

PROGRAMMABLE 

1 


PROGRAMMABLE 

4-TO-7 DECODER 



4-TO-7 DECODER 


I 


ENABLE 


DIGIT f 
SELECT i 
INPUTS [ 


^31 DS1 
::32 DS2 


2-BIT 

LATCH 


2-TO-4 

DECODER 


ENABLE 


ENABLE 


CS1 

CS2 


^33 


;34 


ONE SHOT 


OSCILLATOR 

INPUT 


ENABLE 

DETECTOR 



BACKPLANE 

(INPUT/OUTPUT) 


ORDERING INFORMATION 


Driver 

Part No, Type 

Package 

input 

Code 

Output 

Config. 




Data and 

TC7211AMIPL LCD 

40-Pin 

Code B 

Digit Select 


Plastic 


Latches 




Data and 

TC7212AMIPL LED 

40-Pin 

Code B 

Digit Select 


Plastic 


Latches 
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BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 


TC7211AM 

TC7212AM 


FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATIONS 


v+ DI 

1 

lol DI 


El [T 


391 Cl 


G1 [T 


m B1 


FI [T 


stI A1 


BPfr 


m OSCILLATOR 

A2 [H 


Isl GND 


CM 

m 


34 1 CHIP SELECT 2 (CS2) 

C2 L8_ 


33 1 CHIP SELECT 1 (CS1) 

D2 [X 


32] DIGIT SELECT 2 (DS2) 

E2 OF 


FT] DIGIT SELECT 1 (DS1) 

G2 or 

TC7211AM (LCD) 

Fo1 B3 


F2 or 


Fil B2 

. DATA 

A3 or 


3bi 

INPUTS 

B3 0l 


27] BO 


C3 or 


in F4 


D3 or 


inG4 


E3 or 


FJI E4 


G3 or 


m D4 


F3 or 


m C4 


A4 or 


m B4 



V+ [T 


~4F| DI 


El [F 


39] Cl 


G1 [F 


m Bi 


FI IX 


Ft] ai 


BR-fT 


FTIgnp 

A2 X 


m GND 

B2 X 


34 1 CHIP SELECT 2 (CS2) 

C2 X 


33 1 CHIP SELECT 1 (CS1) 

D2 X 


32] DIGIT SELECT 2 (DS2) 

E2 X 


FT] digit SELECT 1 (DS1) 

G2 X 

TC7212AM (LED) 

Fo] B3 


F2 X 


m B2 

. DATA 

A3 X 


I!]bi 

■ INPUTS 

B3 X 


Ft] BO 


C3 X 


26] F4 


D3 X 


25 1 G4 


E3 X 


FT) E4 


G3 X 


FFj D4 


F3 X 


FFj C4 


A4 or 


FT] b4 
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BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 


TC7211AM 

TC7212AM 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage..+6.5V 

Input Voltage, Any Terminal 

(Note 2).V-^ +0.3V, GND -0.3V 

Power Dissipation (Note 1) .1W at +70°C 

Operating Temperature Range.-20°C to +85°C 

Storage Temperature Range.-65°C to +150^0 

Lead Temperature (Soldering, 10 sec).+300°C 

Stresses above those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above 

TABLE I: OPERATING CHARACTERISTICS 
Test Conditions: All parameters measured with V+ = 5V 


TC7211AM Characteristics (LCD Decoder/Driver) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Vsup 

Operating Voltage Range 


3 

5 

6 

V 

lop 

Operating Current 

Display Blank 

— 

10 

50 

pA 

bsci 

Oscillator Input Current 

Pin 36 

— 

±2 

±10 

pA 

tpFS 

Segment Rise/Fall Time 

Cl = 200 pF 

— 

0.5 

— 

pA 

tpFB 

Backplane Rise/Fall Time 

Cl=5000pF 

— 

1.5 

— 

ps 

bsc 

Oscillator Frequency 

Pin 36 Floating 

— 

16 

— 

kHz 

bp 

Backplane Frequency 

Pin 36 Floating 

~ 

125 

— 

Hz 

TC7212AM Characteristics (Common-Anode LED Decoder/Driver) 

Vsup 

Operating Voltage Range 


4 

5 

6 

V 

bp 

Operating Current 

Pin 5 (Brightness), 

— 

10 

50 

pA 


Display Off 

Pins 27-34 = GROUND 





bp 

Operating Current 

Pin 5 at V-f, Display all 8's 

— 

200 

— 

mA 

IsLK 

Segment Leakage Current 

Segment Off 

— 

±0.01 

±1 

pA 

ISEG 

Segment On Current 

Segment On, Vso = +3V 

5 

8 

— 

mA 

Input Characteristics (LCD and LED Decoder/Driver) 

VlH 

Logic “1” High Input Voltage 

I 

3 

I 

— 

V 

ViL 

Logic “0” Low Input Voltage 


— 

— 

1 

V 

I ILK 

Input Leakage Current 

Pins 27-34 

— 

±0.01 

±1 

pA 

C|N 

Input Capacitance 

Pins 27-34 

— 

5 

— 

pF 

Ibplk 

BP/Brightness input Current 
Leakage 

Measured at Pin 5 With 

Pin 36 at GND 

— 

±0.01 

±1 

pA 

Cbpi 

BP/Brightness Input Capacitance All Devices 

— 

200 

— 

pF 


those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

NOTES: 1. This limit refers to that of the package and will not be realized 
during normal operation. 

2. Due to the SCR structure inherent in the CMOS process, 
connecting any terminal to voltages greater than V+ or less 
than GND may cause destructive latch-up. For this reason, it 
is recommended that inputs from external sources not oper¬ 
ating on the same power supply not be applied to the device 
before its supply is established, and, in multiple supply 
systems, the supply to the TC7211 AM be turned on first. 
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BUS COMPATIBLE, 4<DIGIT 
CMOS DECODER/DRIVER 


TC7211AM 

TC7212AM 


TABLE I: OPERATING CHARACTERISTICS 

Test Conditions: All parameters measured with V+ = 5V 


AC Characteristics (LCD and LED Decoder/Driver) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

tcSA 

Chip Select Active Pulse Width 

(Note 3) 

200 

— 

— 

ns 

tos 

Data Setup Time 


100 

— 

— 

ns 

tDH 

Data Hold Time 


10 

0 

— 

ns 

tics 

Inter-Chip Select Time 


2 

I 

— 

ps 


NOTE: 3. Other chip select (CS) is either held at logic zero or both CS1 and CS2 driven together. 


TIMING DIAGRAMS 



FREQUENCY 


BACKPLANE ' 
INPUT/OUTPUT 


,_64_ 

CYCLES 


CYCLES 


OFF SEGMENTS 


ON SEGMENTS 


Figure 2: LCD Display Waveforms 






BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 

TC7211AM 

TC7212AM 


INPUT DEFINITIONS 

In this table, and GND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 


Input 

Pin No. 

Condition 

Function 


BO 

27 

= Logic “1 ” 

GND = Logic “0” 

Ones (Least Significant) 


B1 

28 

y* = Logic “1” 

GND = Logic “0” 

Twos 


B2 

29 

V+ = Logic “1 ” 

GND = Logic “0” 

Fours 


B3 

30 

V+ = Logic “1” 

GND = Logic “0” 

J 

Eights (Most Significant) 


OSC 

36 

Floating or with 
external capacitor GND 

Oscillator input. Disables BP output devices, allowing segments to be 
synchronized to an external signal input at the BP terminal (pin 5) 

DS1 

31 

V+ = Logical One 

DS2, DS1 = 00 Selects D4 ' 



32 

GND = Logical Zero 

" Uo2, Uo 1 — 01 beiects Uo 
DS2, DS1 = 10 Selects D2 
DS2, DS1 = 11 Selects D1 

^ Digit Select Inputs 

'c^ 

33 

V'^ = Inactive 

When both CS1 and CS2 are low, the data and digit select input 

CS2 

34 

GND = Active 

laicnes are open or enaoieo. 
On the rising of CS1 or CS2, 
the output drive latches. 

data is latched, decoded and stored in 



DIGIT ASSIGNMENT 
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BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 

TC7211AM 

TC7212AM 


TYPICAL OPERATING CHARACTERISTICS CURVES 


Operating Supply Current 
vs Supply Voltage 



V+ VOLTS 


Backplane Frequency 
vs Supply Voltage 


LED Segment Current 
vs Output Voltage 



< 10 


1 1 1 1 

DIM C AT 








Ta= 4.95»C 





— 









2 


V+s 

6V 





J 

2 


_ 



n 






T 

J 










y 

2 



= 5V 





/ 

/ 







"1 





2 

V4 

■ = ^ 
















f 




n 











1 





_j 



L 




;□ 









V+ VOLTS 


2 3 4 

Vo VOLTS 


LED Segment Current vs 
Brightness Control Voltage 



Vp|N5 VOLTS 


Operating Power (LED Display) 
vs Supply Voltage 



4 5 6 

V + VOLTS 
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BUS COMPATIBLE, 4-DIGIT 
CMOS DECODER/DRIVER 


TC7211AM 

TC7212AM 


BASIC OPERATION 

The TC7211AM drives 4-digit, 7-segment LCDs. This 
device contains 28 individual segment drivers, a backplane 
driver, a self-contained oscillator, and a divider chain to 
generate the backplane signal. 

The 28 CMOS segment drivers and backplane driver 
contain ratioed N- and P-channel transistors for identical 
“ON” resistance. The equal resistances eliminate the DC 
output driver component resulting from unequal rise and fall 
times. This ensures maximum LCD life. 

The backplane output driver can be disabled by ground¬ 
ing the OSCILLATOR input (pin 36). The 28 output segment 
drivers can therefore be synchronized directly to an input 
signal at the backplane (BP) terminal (pin 5). Several slave 
devices may be cascaded to the backplane output of a 
master device. The backplane signal may also be derived 
from an external source. These features permit interfacing 
to single backplane LCDs with characters in multiples of 
four. 

Each slave’s backplane input represents only a 200 pF 
capacitive load to the master backplane driver (comparable 
to one additional segment). The number of slave devices 
drivable by a master device is therefore set by the larger 
display backplane capacitive load. The master backplane 
output will drive the display backplane of 16 one-half-inch 
characters with rise and fall times under 5 ps. This represents 
a system with three slave devices and a fourth master device 
driving the backplane. (See Figure 1.) 

If more than four devices are slaved together, the 
backplane signal should be derived externally and all 
TC7211AM devices slaved to it. The external drive signal 
must drive a high capacitive load with Ips to 2 ps rise and 
fall times. The backplane frequency Is normally 125 Hz. At 
lower display ambient temperatures, the frequency may be 
reduced to compensate for display response time. 

The on-chip RC oscillator free-runs at approximately 
16 kHz. A -^128 circuit provides the 125 Hz backplane 
frequency. The oscillator frequency may be reduced by 
connecting an external capacitor between the oscillator 
terminal and V+. (See typical operating characteristics 
curves.) 

The free-running oscillator may be overridden (if de¬ 
sired) by an external clock. The backplane driver, however, 
must not be disabled during the external clock’s negative or 
low portion, as this will result in a DC drive component 
being applied to the LCD, limiting the LCD’s life. To pre¬ 
vent backplane driver disabling, the oscillator input should 
be driven from the positive supply to no levss than one-fifth 
the supply voltage above ground. A backplane disable 
signal will not be sensed if the driving signal remains above 
ground by one-fifth the supply voltage. An alternate method 
for externally driving the oscillator permitsthe oscillator input 
to swing the full supply voltage range. 


The oscillator input signal duty cycle is skewed so the low 
portion duration is less than 1 ps. The backplane disable 
sensing circuit will not respond to such a short signal. 



Figure 3. TC7211 AM Driving an 8-Digit LCD Display 
in Master/Slave Configuration 


TC7212AM LED Decoder/Driver 

The TC7212AM directly drives 4-digit, 7-segment, com¬ 
mon-anode LED displays. The 28 segment drivers are low 
leakage, current controlled, open drain N-channel MOS 
transistors. 

A brightness input (pin 5) can be used in two ways to 
control output transistor drain current. The voltage at the 
brightness control input Is transferred to the output transistor 
gate for "ON" segments. The brightness voltage directly 
modulates the segment drivers "ON" resistance. A variable 
brightness control may be Implemented with a single po¬ 
tentiometer (Figure 4). A high value potentiomenter (100 kfi 
to 1MH) will minimize power consumption. 

The brightness input may also be operated digitally as 
a display enable. At a logic 1 the display is fully "ON" and at 
a logic signal of varying duty cycle also. When operating with 
LEDs at a higher temperatures and/or higher supply volt¬ 
ages, the device power dissipation may need to be reduced 
to prevent excessive chip temperature rise. The maximum 
power dissipation is 1 watt at 25° C. Derate linearly above 
35°C to 500 mW at 70°C (-15 mW/°C above 35°C). Power 
dissipation for the device is given by: 

p = (V+ -Vfled) (Iseg) (hseg) 

where Vfled is the LED forward voltage drop, Iseg is seg¬ 
ment current, and nseg is the number of "ON" segments. If 
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CMOS DECODER/DRIVER 


the device is operated at elevated temperatures, the seg¬ 
ment current can be limited through the brightness input to 
keep power dissipation within the limits described above. 

The display may be blanked (all segments OFF) by 
applying the input code 1111 or by driving the brightness pin 
witha logic). If brightness control is not needed, pin 5 should 
be tied to 5.0 V. 


I -V+ (LED ANODES) 

100 kft - IMfl -TO BRIGHTNESS CONTROL 

> (PIN 5) 


Figure 4. Brightness Control 

Input Configuration and Output Codes 

The TC7211AM accepts a 4-bit, true binary (positive 
level = logic “1”) input at pin 27 (LSB) through pin 30 (MSB). 
The binary input is decoded to the 7-segment output known 
as Code B. The output display format is 0 to 9, —, E, H, L, 
P and blank display (see Table I). Segment assignments are 
shown in Figure 2. The TC7211AM will correctly decode 
binary and BCD true codes to a 7-segment output. 

The TC7211AM is designed to Interface with a data bus 
and display data under microprocessor control. Four data 
inputs (pins 27-30) and two digit select input bits (pins 31 
and 32) are written into input buffer latches. The rising edge 
of either chip select causes data to be latched, decoded and 
stored in the selected digit ouptut data latch. The 2-bit digit 
code selects the appropriate output digit latch. The 4-bit 
display data word Is decoded to the "Code B" 7-segment 
output format. 

For applications where bus compatibility is not required, 
refertotheTC7211A(LCD) 4-digit decoderdriver datasheet. 
This device is designed to accept multiplexed BCD/binary 
input data for display under the control of four separate digit 
select control signals. 


TC7211AM 

TC7212AM 


Table 1: 

Output Code 



B3 

Binary Input 
B2 B1 

BO 

Code B 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

2 

0 

0 

1 

1 

3 

0 

1 

0 

0 

4 

0 

1 

0 

1 

5 

0 

1 

1 

0 

6 

0 

1 

1 

1 

7 

1 

0 

0 

0 

8 

1 

0 

0 

1 

9 

1 

0 

1 

0 

— 

1 

0 

1 

1 

E 

1 

1 

0 

0 

H 

1 

1 

0 

1 

L 

1 

1 

1 

0 

P 

1 

1 

1 

1 

Blank 



The TC7211A Is mask programmed to give the 16 
combinations of 7-segment output codes. For large volume 
orders (50K pieces minimum), custom decoder options are 
available. Contact Teledyne Components for details. 

Applications Information 

The TC7212AM has two ground pins. These pins should 
be connected together. 




NOTES 



^A^TELEDYNE 

COMPONENTS 


TC9404 


SERIAL INPUT/16-BIT PARALLEL OUTPUT PERIPHERAL DRIVER 


FEATURES 

■ High Voltage Outputs.15V 

■ High Output Current Sink Capability.60 mA 

■ Low Standby Power.20 mW 

■ High-Speed Operation.3 MHz 

■ 16 Parallel Outputs 

■ Cascading Possible for Longer Data Words 

APPLICATIONS 

■ Incandescent Lamp Driver 

■ Thermal Printhead Driver 

■ LED Bar-Graph Driver 

■ High Current, Microprocessor Serial Port 

Extender \ 

■ Relay/Solenoid Driver 

■ Tungsten Lamp Driver 

■ SCR Gate Driver 


GENERAL DESCRIPTION 

The TC9404 is a serial input/16-bit parallel output shift 
register. High output power MOS switching transistors make 
the TC9404 an ideal interface circuit between micro¬ 
processor I/O ports and high current/voltage peripherals. 
The CMOS construction limits quiescent power dissipation 
to 20 mW. 

TheTC9404 common-source, open-drain MOS outputs 
sustain 15V in the OFF state and maintain leakage currents 
under 100 pA. The 16 parallel outputs continuously sink 60 
mA (VsAT< 0.5 V). 

Successive connection of serial data outputs to serial 
data inputs makes longer length serial-to-parallel 
conversions possible. Device cascading makes the TC9404 
an ideal thermal printhead or high-resolution LED bar-graph 
driver. 
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SERIAL INPUT/16-BIT PARALLEL 
OUTPUT PERIPHERAL DRIVER 


TC9404 


PIN CONFIGURATION 



ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

Output 

Voltage 

TC9404CPG 

24-Pin 
Plastic DIP 

0°Cto +70°C 

15V 

TC94041JG 

24-Pin 

CerDIP 

-25'‘C to -»-85°C 

15V 

TC9404MJG 

24-Pin 

CerDIP 

-55‘’Cto+125®C 

15V 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V'^to Logic Ground).7V 

Digital Logic Input Voltage.5.5V 

Parallel Output Drain Voltage.22V 

Parallel Output Drain Current.80 mA 

Logic Ground to Output Ground 

Potential Difference.100 mV 

Package Power Dissipation 

CerDIP.1W @ +85°C 

CerDIP.0.4W @ +125°C 

Plastic Package.1W @ +70°C 

Operating Temperature 

CerDIP (IJ).-25°C < Ta < +85°C 

CerDIP (MJ).-55°C < Ta < +125°C 

Plastic Package(CP).0°C < Ta ^ +70°C 

Storage Temperature.-65°C < Ta < +150°C 

Lead Temperature (Soldering, 60 sec).+300^C 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 
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SERIAL INPUT/16-BIT PARALLEL 
OUTPUT PERIPHERAL DRIVER 


TC9404 


ELECTRICAL CHARACTERISTICS: Vs = 5V, ox < Ta < +70°C for TC9404CPG and -25X < Ta < +85°C 
for TC9404IJG, and -55®C to 4-125°C for TC9404MJG, unless otherwise stated. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Output 

VsAT 

Output ON Voltage 

lo = 60 mA 

Vs = 4.75V 

— 

0.35 

0.5 

V 

Vb 

Output OFF Voltage 


— 

— 

15 

V 

I/O 

Output Sink Current 

Vsat<0.5V (Note 1) 

60 

— 

— 

mA 

lox 

Output Leakage Current 

Vs = 4.75V, Vb= 15V 

— 

i — 

100 

pA 

VoH 

Serial Output 

loH = 400 pA 

2.4 

— 

— 

V 


Logic "1" Voltage 

loH= 10pA 

4.5 

— 

— 

V 

VoL 

Serial Output 

Logic "0" Voltage 

loL = 5 mA 

— 

— 

0.4 

V 

Input 

ViNH 

Logic "1" Input Voltage 

Vs = 5.25V 

3.3 

1 — 

— 

V 

V|NL 

Logic "0" Input Voltage 

Vs = 5.25V 

— 

— 

0.8 

V 

l|NH 

Logic "1" Input Current 

Vs = 5.25V 

— 


20 

V 

IlNL 

Logic "0" Input Current 

V|nl = 0.4V 

Vs = 5.25V 

— 


400 

pA 

C|N 

Input Capacitance 

> 

o 

II 

z 

> 

-- 

15 

— 


Timing 

tOH 

Serial Input 

Data Hold Time 


20 j 

1 

0 ! 

— 

ns 

tos 

Serial Input 

Data Set-Up Time 


100 

70 

— 

ns 

tcp 

Clock Frequency 


3 

5 

— 

MHz 

tpw 

Clock Pulse Width 


T50 

100 

— 

ns 

tpLH 

Parallel Output 

Vb= 15V 

— 

— 

150 

ns 


Low-to-High 

Rl = 3300 






Transition Time 

Cl = 25 pF 





tpHL 

Parallel Output 

Vb= 15V 

— 

— 

150 

ns 


High-to-Low 

Rl = 3300 






Transition Time 

Cl = 25 pF 





tSLH 

Serial Output 

loH = 400 jiA 

— 

__ 

150 

ns 


Low-to-High 

Transition Time 

Cl = 25 pF 





tsHL 

Serial Output 

loL = 5 mA 

— 

— 

75 

ns 


High-to-Low 

Transition Time 

Cl = 25pF 






Power 


Vs Operating Supply Voltage 

4.75 

5 

5.25 

V 

Is Quiescent Power Supply Vs = 5.25V 

fc = 0 Hz 

V|HL=0V 
lo = 0 mA 

Pin 22 Open 


1 

4 

mA 


NOTE 1. Maintain chip temperature <150°C. 


SERIAL INPUT/16-BIT PARALLEL 
OUTPUT PERIPHERAL DRIVER 


TC9404 


TIMING DIAGRAMS 



FUNCTION TABLE 


Data Input 



Parallel Outputs 

Dn 

Clock Input 

Qi 

Q2 

Q3 ...Qi6 

X 

L 


Dj 

D 3 ...Di 6 

H 

-jT 

L* 


□2 ...Di5 

L 


H* 

d7 

D 2 Di5 


L = Logic 0 
H = Logic 1 

L* = Output NMOS ON 
H* = Output NMOS OFF 
X = Don’t Care 

= Transition from Low-to-High 
Di, D 2 , ...Die = Data inputs at clock time T_n. 
Data is inverted at the parallel outputs. 
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APPLICATIONS 

Microprocessor-Controlled LED 
Bar-Graph Display 



SINGLE BOARD MICROCOMPUTER 
(SYM-01) 


6522 VIA 

CB2 CB1 


TC9404 


Thermal Printhead Driver 












NOTES 
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COMPONENTS 


TC9405 


16-BIT PARALLEL-LATCHED OUTPUT 
PERIPHERAL DRIVER 


Saturation Voltage vs Sink Current 



Vout(V) 


FEATURES 

■ High Voltage Outputs.15V 

■ High Output Current Sink Capability.60 mA 

■ Low Standby Power.1 mW 

■ High-Speed Operation.3 MHz 

■ 16 Latched Parallel Outputs 


■ Cascading Possible for Longer Data Words 

■ Dual-Rank Latches and STROBE Input for 
Ripple-Free Data Update 

■ OUTPUT ENABLE Input Disables Outputs 
Without Corrupting Data 


FUNCTIONAL DIAGRAM 



SERIAL 
► DATA 
OUTPUT 


■^LOAD ^ 


^LOAD 


1035-1 
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16-BIT PARALLEL-LATCHED OUTPUT 
PERIPHERAL DRIVER 


TC9405 


GENERAL DESCRIPTION 

The TC9405 is a serial input, 16-bit parallel-latched 
output shift register. Master/slave data latches and high 
output power MOS switching transistors combine to make 
the TC9405 an ideal interface circuit between microproces¬ 
sor I/O ports and high current/voltage peripherals. The 
CMOS construction limits quiescent power dissipation to 
1 mW. 

The TC9405 common-source, open-drain MOS out¬ 
puts sustain 15V in the OFF state and maintain leakage 
currents under 100 fiA. The low output ON resistance 
allows all 16 channels to simultaneously sink 60 mA with a 
saturation voltage of 0.5V maximum and power dissipation 
of 480 mW. Typical power dissipation of 16 channels sinking 
60 mA is only 325 mW. _ 

Dual rank latches and a STROBE input permit glitch- 
free data updating. With the STROBE Input high, data is 
entered into master l atches on each rising edge of the 
CLOCK input. When STROBE is brought lo w, data is 
transferred to the slave latches simultaneously. An OUTPUT 
ENABLE (OE) input is also Included, so that all outputs can 
be turned off. Both STROBE and OUTPUT ENABLE are 
asynchronous, level-sensitive inputs. 

Successive connection of serial data outputs to serial 
data inputs make longer length serial-to-parallel conver¬ 
sions possible. Device cascading makes the TC9405 an 
ideal thermal printhead, high-resolution LED bar-graph, or 
incandescent lamp driver. 


APPLICATIONS 

■ Incandescent Lamp Driver 
M Thermal Printhead Driver 
H led Bar-Graph Driver 

M High Current, Microprocessor Serial Port Expander 
> Relay/Sotenoid Driver 
II Tungsten Lamp Driver 

■ SCR Gate Driver 


PIN CONFIGURATIONS 


SEniALDATArr 
input LI 


Hvdd 

STROBE[T 

QiE 

QjE 

03(1 

Q 4 E 

GROUND [7 

QsE 

Qell 

Qylio 

QslH 

TC9405 

^ CLOCK 
rn SERIAL DATA 

SJ OUTPUT 

E]Qi6 

^Ol5 

SIQm 

llQia 

17] GROUND 
ji]Ql2 

DOll 

jilQio 

OUTPUT ENABLE Ql 


jIIQs 


ORDERING INFORMATION 


Part 

Package 

Temperature Range 

Output Voltage 

TC9405CPG 

24-Pin Plastic DIP 

ox to +70°C 

15V 

TC9405IJG 

24-Pin CerDIP 

-25X to +85X 

15V 

TC9405MJG 

24-Pin CerDiP 

-55X to +125°C 

15V 
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16-BIT PARALLEL-LATCHED OUTPUT 
PERIPHERAL DRIVER 


TC9405 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage to Ground).7V 

Digital Logic Input voltage.5.5V 

Parallel Output Drain Voltage.18V 

Parallel Output Drain Current.80 mA 

Package Power Dissipation 

CerDIP Package.1W@ 85°C 

CerDIP Package.0.4W @ 125°C 

Epoxy Package.1W@ 70'’C 


Operating Temperature 

CerDIP Package (IJG).~25X ^ ^ +85°C 

CerDIP Package (MJG).-55®C ^ +125°C 

Epoxy Package (CPG) .0°C ^ ^ +70‘'C 

Storage Temperature.-65°C ^ T^ +150‘^C 

Lead Temperature (Soldering, 60 sec).+300°C 


ELECTRICAL CHARACTERISTICS V,^ = 5V T^ 

TC9405C.0°C to +70°C 

TC9405I.-25°C to +85°C 

TC9405M.-55°C to +125°C 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Input 

V 

''INH 

Logic 1 Input Voltage 

V„ = 5.25V 

2.4 

— 

— 

V 

V 

''iNL 

Logic 0 Input Voltage 

Vbo = 5.25V 

— 

— 

0.8 

V 

Lh 

Logic 1 Input Current 

V,BH =2.4V 

Voo = 5.25V 

— 

— 

40 

HA 

^INL 

Logic 0 Input Current 

V,„. = 0.8V 

VoD = 5.25V 

— 

— 

40 

t*A 

C,. 

Input Capacitance 

II 

Z 

> 

— 

15 

— 

PF 

VoH 

Serial Output 

Logic 1 Voltage 

Ioh = 400hA 

loH = 10^‘A 

2.4 

4.5 

4.7 

4.98 

— 

V 

V 

VoL 

Serial Output 

Logic 0 Voltage 

= 3.6 mA 

— 

— 

0.4 

V 

Output 

VsAT 

Output ON Voltage 

Iq = 60 mA 

V„j,= 4.75V. 7^ = 2400 
(Note 2) 


0.25 

0.4 

V 

VsAT 

Output ON Voltage 

Iq = 60 mA 

V^^ = 4.75V. T^ = FULL 
(Note 2) 



0.6 

V 

Vb 

Output OFF Voltage 




15 

V 

'o 

Output Sink Current 

VsAT^o-ev 
(Note 1) 

60 

— 

— 

mA 

'ox 

Output Leakage Current 

Vbo = 4.75V 

V, = 15V 

— 

— 

100 

ma 
































16-BIT PARALLEL-LATCHED OUTPUT 
PERIPHERAL DRIVER 


TC9405 


ELECTRICAL CHARACTERISTICS (Cont.) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Timing 

‘dh 

Serial Input 

Data Hold Time 

= 25''C 

40 

20 

— 

ns 

^DS 

Serial Input 

Data Set-Up Time 

T^ 25'^C 

50 

0 

— 

ns 

fc 

Maximum Clock Frequency 

T^ = 25"C 

3 

5 

— 

MHz 

^PW 

Clock Pulse Width 

T^ = 25°C 

150 

100 

— 

ns 

Vlhi 

Parallel Output 

Low-to-High 

Transition Time 

STROBE = LOW 

OE = LOW 
(Note 3 and Figure 1) 



300 

ns 

Vhli 

Parallel Output 

High-to-Low 

Transition Time 

STROBE = LOW 

OE = LOW 
(Note 3 and Figure 1) 



300 

ns 

^PLH2 

Parallel Output 

Low-to-High 

Transition Time 

STROBE 

OE = LOW 
(Note 3 and Figure 1) 



300 

ns 

^PLHL2 

Parallel Output 

High-to-Low 

Transition Time 

STROBE ='X_ 

OE = LOW 
(Note 3 and Figure 1) 

“ 

■ 

300 

ns 

^PLHE 

Parallel Output 

Low-to-High 

Transition Time 

STROBE = Don’t Care 
oE=_y^ 

(Note 3 and Figure 1) 



250 

ns 

^PHLE 

Parallel Output 

High-to-Low 

Transition Time 

STROBE = Don't Care 
OE=~V 

(Note 3 and Figure 1) 



250 

ns 

^SHL 

Serial Output 

High-to-Low 

Transition Time 

= 3.6 mA 

= 25 pF. Tj = 25‘‘C 

“ 

■ 

150 

ns 

^SLH 

Serial Output 

Low-to-High 

Transition Time 

Io„ = 400mA 

Cl = 25 pF, Tj = 25‘>C 

“ 

■ 

150 

ns 

^SPW 

Strobe Pulse Width 

T^ = 25"C 

80 

— 

— 

ns 

Supply 

V.. 

Operating Supply Voltage 


+4.75 i 

+5 

+5.25 

V 

Is 

Quiescent Power Supply 

VpL, = 5.25V. f^ = 0 Hz 

V = 0V,lo = 0mA 

Pin 22 Open 


50 

200 

pA 


NOTES; 

1. Maintain die temperature ^ 150°C. 

2. increases by 0.1 V when all outputs are sinking 60 mA due to internal ground drop and self-heating. 

3. Vg = 15V, Rl = 330a, q = 25 pF, = 25°C. 
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16-BIT PARALLEL-LATCHED OUTPUT 
PERIPHERAL DRIVER 


TC9405 


Figure 1. Timing Diagrams 


a) Serial Input Data Hold and Set-Up Times 
CLOCK 


DATA 

INPUT 


50%^ 

- 


m 

^50% 




*DS 



^ 50% 


50%^ 


◄-► 


'DH 


DATA TRANSITIONS 
ALLOWED 


b) Serial Output Transition Times 

_-3^50% \ -^ ^ 50 % 



CLOCK 


\ 


-*SHL 


c) Parallel O utput Transition Times 
(STROBE = Low, OE = Low) 


. SERIAL 
OUTPUT 




■ 50% 


CLOCK 




V- 


PARALLEL 
OUTPUT " 


*PHL1 


^PLHI 


d) STROBE Input Transition Times 
(OE = Low) 


50% - 


STROBE 






PARALLEL 
OUTPUT ” 

PHL2 


50% 


/Ik 

*PLH2 


e) OUTPUT ENABLE Transition Times 
(STROBE = Don't Care) 


50% - 


OUTPUT 

ENABLE 




50% ■ 




PARALLEL 
OUTPUT “ 
*PHLE 


50% 


/Ik 

¥lhe 


FUNCTION TABLE 




Data 

input 

(Dm) 

Clock 

Parallel Outputs 


STROBE 

input 


Q. 

Q, -Q,s 

l 

l 

X 

L 

D, 

D. 

D 3 ...D„ 

l 

L 

H 


L* 

D, 


l 

l 

l 


H* 

D, 

Da -D,, 

l 

H 

X 

X 

Maintains Last 

Valid State 

H 

X 

X 

X 

H* 

H* 

H* H* 


L = Logic 0 
H = Logic 1 

L* = Output NMOS ON 
H* = Output NMOS OFF 
X = Don't Care 

= Transition from low-to-high 
D^, D 2 , ...D^g = Data outputs before the low-to-high 
transition of the clock 

NOTE: OE and STROBE inputs are level-sensitive, not edge-triggered. 
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16-BIT PARALLEL-LATCHED OUTPUT 
PERIPHERAL DRIVER 


TC9405 


APPLICATIONS 

MICROPROCESSOR CONTROLLED LED 
BAR-GRAPH DISPLAY 



LED BAR-GRAPH DISPLAY 


BONDING DIAGRAM 



THERMAL PRINTHEAD DRIVER 


PRINT o- 
VOLTAGEVr 


SERIAL 

DATA OH 

INPUT 


THERMAL PRINTHEAD 


DOTh 


DATA 

INPUT 


Q 2 Qi6 

SERIAL 
TC9405 OUTPUT 

OE 


GND STROBE 




STROBE^ 

LINES. 


DATA 

INPUT 


''^OE 


Q 2 -Qi6 

TC9405 

STROBE GND 


+5V 
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^^N^TELEDYNE 

COMPONENTS 


CDG201 


MONOLITHIC CMOS/DMOS, QUAD SPST ANALOG SWITCH 


FEATURES 


■ High OFF Isolation.66 dB @ 10 MHz 

■ Wide Bandwidth Switches.-1 dB @ 100 MHz 

■ Low Channel-tO'Channel 

Cross Talk...-80 dB @ 10 MHz 

■ TTL Compatible 

■ Industry-Standard Pinout 


APPLICATIONS 

■ Glitch-Free Analog Switching 

■ RF and Video 

■ Track-and-Hold 

■ Sample-and-Hold 


GENERAL DESCRIPTION 

The CDG201 features TTL-compatible input logic and 
wideband lateral DMOS switches on a single chip. The on- 
chip reference used for TTL compatibility gives an added 
advantage of constant logic switching over a wide range of 
supply voltages and temperature without a separate power 
supply. Industry-standard pinout makes the CDG201 par¬ 
ticularly suitable for replacing existing analog switches, 
while upgrading high-frequency performance. 


FUNCTIONAL BLOCK DIAGRAM 





NOTES: 1. Four SPST switches per package. 

2. Switches shown in logic “1” (OFF) position. 

3. ON = Logic "0" < 0.8V. 

OFF = Logic "1" 2.4V. 


PIN CONFIGURATION 


INlH 


Ti] IN 2 

Did! 


iH ^2 

Si [I 


Bl S 2 

v-[I 

V+ 

GND [£ 

CDG201 

Tg NC 

S4[I 


13 S 3 

D4[7 


D 3 

'N4[I 


9]|N3 

NC = NO INTERNAL CONNECTION 


12 


1062-1 


12-1 






MONOLITHIC CMOS/DMOS, 
QUAD SPST ANALOG SWITCH 


CDG201 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.±20V 

Control Input Voltage Range.V+ +0.3V, V" -0.3V 

Continuous Current, Any Pin Except S or D.20 mA 

Continuous Current, S or D.30 mA 

Peak Pulsed Current, S or D, 

80 ps, 1%, Duty Cycle.90 mA 

Maximum Junction Temperature.+150°C 

Storage Temperature Range.-65°C to +150°C 

Power Dissipation 

(Derate at 5.5 mW/°C, Above +85°C).500 mW 

NOTE: All devices contain diodes to protect inputs against damage due to 
high-static voltages or electric fields. However, it is advised precautions be 
taken not to exceed maximum recommended input voltages. All unused 
inputs must be connected to an appropriate logic level (Vdd or GND). 
Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = +25°C, V = -15V, V+ = +15V 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Static 

Vanalog 

Analog Signal Range 


-10 

— 

+10 

V 

rDS(ON) 

Switch ON Resistance 

Vs =-10V, V|N = 0V 

— 

40 

80 

a 


Vs = -f2V. V|n = OV 

— 

45 

80 

Q 



Vs = +10V, ViN = 0V 

— 

100 

160 

Q 


VlH 

High Level Input Voltage, 


2.4 

— 

— 

V 


Logic "1" (OFF) 






VlL 

Low Level Input Voltage, 


— 

— 

0.8 

V 


Logic "0" (ON) 






l|N 

Logic Input Leakage Current 

V|N = +2.4V 

— 

0.01 

0.1 

pA 


Vin = +15V 

— 

0.02 

0.1 

pA 


Id(off) 

Switch OFF Leakage Current 

Vd = +10V, Vs = ~10V, ViN = +2.4V 

— 

0.2 

5 

nA 

Is(OFF) 

Switch OFF Leakage Current 

Vs = +10V, Vd = -10V, V|N = +2.4V 

— 

0.4 

5 

nA 

I- 

Negative Supply Quiescent Current 

V|N = 0Vto +2.4V 

— 

-0.3 

-1 

mA 

r 

Positive Supply Quiescent Current 

ViN=0Vto +2.4V 

— 

0.6 

2 

mA 

Dynamic 

toN 

Switch Turn-On Time 

See Switching Times Test Circuit 

— 

400 

600 

ns 

tOFF 

Switch Turn-Off Time 

See Switching Times Test Circuit 

— 

70 

300 

ns 

OIRR 

Off Isolation Rejection Ratio 

f=10MHz, Rl=50Q 

60 

66 

— 

dB 

CCRR 

Cross-Coupling Rejection Ratio 

f = 10MHz, RL=50a 

— 

80 

— 

dB 

Cd 

Drain-Node Capacitance 

Vd = Vs = OV, f = 1 MHz, Vin = +2.4V 

— 

0.3 

— 

pF 

Cs 

Source-Node Capacitance 

Vd = Vs = OV, f = 1 MHz, V|n = +2.4V 

— 

3 

— 

pF 


ORDERING INFORMATION 


Part No. 

Package 

Operating 

Temperature Range 

CDG201COE 

16-Pin Plastic SO 

0®C to +70®C 

CDG201CPE 

16-Pin Plastic DIP 

O^’C to +70®C 

CDG201EOE 

16-Pin Plastic SO 

-40‘'C to +85®C 

CDG201EPE 

16-Pin Plastic DIP 

-40‘’C to +85°C 

CDG201EJE 

16-Pin CerDIP 

-40°C to +85®C 

CDG201MJE 

16-Pin CerDIP 

-55‘’Cto+125®C 


RECOMMENDED OPERATING CONDITIONS 

Negative Supply Voltage.-8V to -15V 

Positive Supply Voltage.-i-8V to +15V 

Control Input Voltage Range.OV to -rSV 

Operating Temperature Range 


C Suffix.0°C to +70°C 

E Suffix.-40°C to +85°C 

M Suffix.-55°Cto-r125°C 
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MONOLITHIC CMOS/DMOS, 
QUAD SPST ANALOG SWITCH 


CDG201 


ELECTRICAL CHARACTERISTICS: V- = -15V, = +15V 

Limits at Temperature Extremes 




1 Maximum @ Ta = 


Symbol Parameter 

Test Conditions 

-55°C 1 -40"C +70°C 1 +85°C |+125°C 

Unit 


Static 


Vanalog 

Analog Signal Range 


±10 

±10 

±10 

±10 

±10 

V 

rDS(ON) 

Switch ON Resistance 

Vs = -10V, V|N = 0V 

80 

80 

120 

120 

150 

n 



Vs = +2V, V|N = OV 

80 

80 

120 

120 

150 

n 



Vs = +10V, V|N = OV 

160 

160 

240 

240 

300 

Q. 

l|N 

Logic Input Leakage Current 

V|N = +2.4V 

0.1 

0.1 

1 

1 

10 

pA 



Vin = +15V 

0.1 

0.1 

2 

2 

20 

pA 

Id(off) 

Switch OFF Leakage Current 

Vd = +10 V, Vs = -10V, 

5 

5 

100 

100 

1000 

nA 



V|N = +2.4V 







Is(OFF) 

Switch OFF Leakage Current 

Vs = +10V, Vd = -10 V, 

5 

5 

100 

100 

1000 

nA 



V|N = +2.4V 







I- 

Negative Supply Quiescent Current 

V|N = 0Vto+2.4 

-1 

-1 

-1 

-1 

-1 

mA 


Positive Supply Quiescent Current 

V|N = OV to +2.4 

2 

2 

2 

-1 

2 

2 

mA 


SWITCHING TIMES TEST CIRCUIT TEST WAVEFORMS 
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LOGIC THRESHOLD (V) SWITCHING TIME (ns) 


MONOLITHIC CMOS/DMOS, 
QUAD SPST ANALOG SWITCH 


CDG201 _ 

TYPICAL CHARACTERISTICS CURVES 

800 
700 
600 
500 
400 
300 
200 
100 
0 

5 7.5 10 12.5 15 

± SUPPLY VOLTAGE (V) 

2.2 
2.1 
2.0 
1.9 
1.8 
1.7 
1.6 
1.5 

8 9 10 11 12 13 14 15 

± SUPPLY VOLTAGE (V) 


Logic Threshold vs 
Supply Voltage 


- 1 

Ta = 

:+25“ 

— 

C 






























_i 


















Switching Times vs 
Supply Voltage 


Vs = 3V 



Ml — 9UI2 

Cl=:12pF 








*ON^ 
















—^FF~ 








Switching Times vs 
Ambient Temperature 



AMBIENT TEMPERATURE (°C) 


Supply Currents vs 
Ambient Temperature 



-50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 





MONOLITHIC CMOS/DMOS, 
QUAD SPST ANALOG SWITCH 


_ CDG201 

TYPICAL CHARACTERISTICS CURVES (Cont.) 


Switch-Off Isolation Rejection Ratio vs Frequency 



Insertion Loss vs Frequency 



FREQUENCY (MHz) 


Switch-On Resistance vs Analog Voltage 



-10 -5 0 5 10 

SOURCE VOLTAGE (V) 


Switch-On Resistance vs Supply Voltage 



Switch-On Resistance vs Frequency 



Total Harmonic Distortion vs Frequency 
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NOTES 



"?f"TELEDYNE 

COMPONENTS 

CDG211 


QUAD MONOLITHIC, SPST CMOS/DMOS ANALOG SWITCH 


FEATURES 

■ High OFF Isolation.66 dB @ 10 MHz 

■ Wide Bandwidth Switches ....0.9 x DC @ 100 MHz 

■ Low Channel-to-Channel 

Cross Talk.-80 dB @ 10 MHz 

■ TTL Compatible 

■ Low OFF Leakage 

■ Industry-Standard Pinouts 

APPLICATIONS 

■ Switches 

— Glitch-Free Analog 
— RF and Video 
— Track-and-Hold 
— Sample-and-Hold 


GENERAL DESCRIPTION 

Teledyne Components' CDG211 low-cost analog switch 
features TTL-compatible input logic and wideband lateral 
DMOS switches on a single chip. The on-chip reference 
used for TTL compatibility gives the added advantage of 
constant logic switching over a wide range of supply volt¬ 
ages and temperature without a separate power supply. 
Industry-standard pinout makes the CDG211 particularly 
suitable for replacement of existing analog switches and 
upgrading high frequency performance at the same time. 


FUNCTIONAL BLOCK DIAGRAM 



NOTES: 1. Four SPST switches per package. 

2. Switches shown in logic “1” (OFF) position. 

3. ON = Logic "0" ^ 0.8V 
OFF = Logic *1" ^ 2.4V 


PIN CONFIGURATIONS 


lU '^2 
lU ^2 

m ^2 

iM 

11] S3 

^ D3 

H 'N3 

(TOP VIEW) (TOP VIEW) 


NC = NO INTERNAL CONNECTION 
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QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCH 


CDG211 


ORDERING INFORMATION 


Part No. 

Package 

Operating 

Temperature Range 

CDG211CJ 

16-Pin Plastic DIP 

0°C to +70°C 

CDG201DY 

16-Pin SO 

-40®C to +85®C 


RECOMMENDED OPERATING CONDITIONS 


V- Negative Supply Voltage.-8V to -15V 

V'^ Positive Supply Voltage.+8V to +15V 

V|N Control Input Voltage Range.OV to +5V 

Vs Analog Switch Voltage Range.±1 OV 

Top Operating Temperature Range 

C Suffix.0°C to +70‘’C 

D Suffix.-40°C to +85°C 


NOTE: All devices contain diodes to protect inputs against damage due to 
high static voltages or electric fields; however, it is advised that precautions 
be taken not to exceed the maximum recommended input voltages. All 
unused inputs must be connected to an appropriate logic voltage level (Vdd 
orGND). 


ABSOLUTE MAXIMUM RATINGS 


V" Negative Supply Voltage.-20V 

V^ Positive Supply Voltage.+20V 

V|N Control Input Voltage 

Range.V+ +0.3V, V~ -0.3V 


II Continuous Current, Any Pin Except S or D ...30 mA 


Is Continuous Current, S or D.30 mA 

Is Peak Pulsed Current, S or D, 

80 ps, 1%, Duty Cycle.90 mA 

Tstg Storage Temperature Range.-55°C to +125®C 

PD Power Dissipation.500 mW 


ELECTRICAL CHARACTERISTICS: Ta = +25'’C, V~ = -15V, V'^ = +15V per channel, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Static 







Vanalog 

Analog Signal Range 


-10 

— 

+10 

V 

rDS(ON) 

Switch ON Resistance 

Vs = ~10V, V|N = 0 

— 

40 

80 

Q 



Vs = +2V, ViN = 0 

— 

45 

1 80 

a 



Vs = -Hl0V, V|N=0 

— 

100 

160 

D 

ViH 

High Level Input Voltage 


2.4 

— 

— 

V 

VlL 

Low Level Input Voltage 


— 

— 

0.8 

V 

IlN 

Logic Input Leakage Current 

ViN = +2.4V 


0.01 

0.1 

pA 



V||si = +15V 

— 

0.02 

0.1 

pA 

Id(off) 

Switch OFF Leakage Current 

Vd = + 10 V, Vs = - 10 V, V|N = +2.4V 

— 

0.2 

5 

nA 

IS(OFF) 

Switch OFF Leakage Current 

Vs = + 10 V, Vd = - 10 V, V|N = +2.4V 

— 

0.4 

5 

nA 

r 

Negative Supply Quiescent Current 

V|N = 0 or +2.4V 

— 

-0.3 

-1 

mA 

1-^ 

Positive Supply Quiescent Current 

ViN = 0 or -t-2.4V 

— 

0.6 

2 

mA 

Dynamic 







tON 

Switch Turn-On Time 

See Switching Times Test Circuit 

— 

400 

600 

ns 

tOFF 

Switch Turn-Off Time 

See Switching Times Test Circuit 


70 

300 

ns 

OIRR 

OFF Isolation Rejection Ratio 

f= 10 MHz, Rl=50Q 

60 

66 

— 

dB 

CCRR 

Cross-Coupling Rejection Ratio 

f = 10 MHz, RL=50n 

— 

80 

— 

dB 

Cd 

Drain-Node Capacitance 

Vd = Vs = 0, f = 1 MHz, V|n = +2.4V 

— 

0.3 

_ 

PF 

Cs 

Source-Node Capacitance 

Vd = Vs = 0, f = 1 MHz, Vin = +2.4V 

— 

3 

— 

PF 
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QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCH 


CDG211 


ELECTRICAL CHARACTERISTICS: V- = -15V, V+ = +15V per channel, unless otherwise noted. 

Limits at Temperature Extremes 


Symbol Parameter Test Conditions 

Max 

-40°C 

:imum ' 
0°C 

@Ta = 
+70X 

+85°C 

Unit 

static 

Vanalog Analog Signal Range 

±10 

±10 

±10 

±10 

V 

i'DS(ON) Switch ON Resistance Vs = -10V, Vin = 0, 

Vs = +2V 

Vs = +10V, V|N = 0 

80 

160 

80 

160 

120 

240 

120 

240 

Q 

Q 

lifM Logic Input Leakage Current Vin = -I-2.4V, 

Vin = +15V 

0.1 

0.1 

1 

1 

pA 

Id(off) Switch OFF Leakage Current Vq = +1OV, Vs = -1OV, 

V|N = -I-2.4V 

5 

5 j 

100 

100 

nA 

Is(OFF) Switch OFF Leakage Current Vs = +1 OV, Vd = ~1 OV, 

ViN = +2.4V 

5 

5 

100 

100 

nA 

1“ Negative Supply Quiescent Current V|n = 0 or -i-2.4V 

-1 

-1 

-1 

-1 1 

mA 

l"^ Positive Supply Quiescent Current V|n = 0 or +2A\I 

2 

2 

2 

2 

mA 


SWITCHfNG TIMES TEST CIRCUIT TEST WAVEFORMS 




NOTE: Switch shown in logic “1” (OFF) position. 
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LOGIC THRESHOLD (V) SWITCHING TIME (ns) 


QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCH 


CDG211 _ 

TYPICAL PERFORMANCE CHARACTERISTICS 


Switching Time vs 
Supply Voltage 


800 

700 

600 

500 

400 

300 

200 

100 


5.0 


1 

Vs = 3V 



Cl=12pF 

T. 



■ A--- 





k)N _ 












—k)FF- 








7.5 10.0 12.5 

± SUPPLY VOLTAGE (V) 


15.0 


Switching Time vs 



->50 -25 0 25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


Logic Threshold vs 
Supply Voltage 



8 9 10 11 12 13 14 15 

± SUPPLY VOLTAGE (V) 


Supply Current vs 
Ambient Temperature 



-50 -25 0 25 50 75 -flOO 125 

AMBIENT TEMPERATURE (X) 
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QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCH 


_ CDG211 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont.) 



1 2 5 10 20 50 100 

FREQUENCY (MHz) 


Insertion Loss vs Frequency 



1 2 5 10 20 50 100 

FREQUENCY (MHz) 


Switch ON Resistance vs Analog Voltage 



-10 -5 0 5 10 

SOURCE VOLTAGE (V) 


Switch ON Resistance vs Supply Voltage 



7.5 10 12.5 

± SUPPLY VOLTAGE (V) 


15 


Switch ON Resistance vs Frequency 



Total Harmonic Distortion vs Frequency 

0.8 I 



4 10 

FREQUENCY (MHz) 


100 
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NOTES 



^A^TELEDYNE 

COMPONENTS 


CDG2214 


HIGH-SPEED ANALOG SWITCH 

FEATURES 

■ Ultra-High OFF Isolation.>40 dB @ 100 MHz 

>25 dB 200 MHz 

■ High-Speed Switching 

— toN.40 ns 

— toFF .......20 ns 

■ CMOS-Compatible Inputs 

■ Low ON Resistance.<50a 

■ Wide Bandwidth.-3 dB @ 250 MHz 

APPLICATIONS 

■ RF and Video Switches 

■ High-Frequency Data Acquisition 

■ High-Frequency Multipiexers 


GENERAL DESCRIPTION 

Teledyne Components' CMOS/DMOS analog switches 
feature high-speed, low-power CMOS input logic and level 
translation circuitry, and high-speed, low-capacitance, lat¬ 
eral DMOS switches. CMOS and lateral DMOS circuitry are 
fabricated together on a single silicon chip. 


FUNCTIONAL BLOCK DIAGRAM 


^ 4 ^ 


CDG2214 



D-OUT 


NOTES: 

1. One SPST switch per package. 

2. Switch shown in logic "1“ position. 

3. Logic "0" =^1V; Logic "1" >4.5V 

4. Logic "O" = ON; Logic "I* = OFF 


PIN CONFIGURATIONS 



DIP 


LOGIC IN [T 


11 V* 

gnd[T 


T\ D-OUT 

IN-SU 

CDG2214 

6] NC 

gnd|T 


HV- 


(TOP VIEW) 


NC rr NO INTERNAL CONNECTION 


SO 


LOGIC IN nr 


■■ 

ID V* 

GND 1 |2 


mim 

ID V- 

in-sQT 



sTI D-OUT 

GND nr 


nn 

ID V- 


(TOP VIEW) 
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HIGH-SPEED ANALOG SWITCH 


CDG2214 


ABSOLUTE MAXIMUM RATINGS 

Negative Supply Voltage.-20V 

Positive Supply Voltage..+20V 

Control Input Voltage Range.V'*' +0.3V, V“ -0.3V 

Continuous Current, Any Pin 

Except S or D.20 mA 

Continuous Current, S or D.40 mA 

Peak Pulsed Current, S or D, 

80 ILLS, 1 %, Duty Cycle.100 mA 

Junction Temperature Range.-55°C to +125°C 

Storage Temperature Range.-65°C to +125°C 

Power Dissipation.500 mW 

_ (Derate at 12 mW/°C, Above +85^C) _ 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 

Negative Supply Voltage.-5V to -15V 

Positive Supply Voltage.+5V to -t-ISV 

Control Input Voltage Range.OV to +5V 

Operating Temperature Range 

C Suffix.0°cto-»-70°C 

E Suffix.-40°C to +85°C 

M Suffix.-55°C to -f-125°C 


ORDERING INFORMATION 


Part No. 

Package 

Operating 

Temperature Range 

CDG2214CPA 

8-Pin Plastic DIP 

0“C to +70°C 

CDG2214EPA 

8-Pin Plastic DIP 

-40°C to +85'>C 

CDG2214MJA 

8-Pln CerDIP 

-55°Cto+125''C 

CDG2214COA 

8-Pin Plastic SO 

0°c to +70^0 

CDG2214EOA 

8-Pin Plastic SO 

-40°C to +85°C 


ELECTRICAL CHARACTERISTICS: Ta = +25°C, V“ = -15V, V'^ = -I-15V per channel, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

1 Unit 

Static 

Vanalog 

Analog Signal Range 


-10 

— 

+10 

V 

rDS(ON) 

Switch ON Resistance 

Vs = -10 V 

— 

45 

80 

Q 



Vs = +2V 

— 

50 

80 

Q 



Vs = +10V 

— 

130 

160 

n 

V|H 

High Level Input Voltage 


4.5 

3.4 

— 

V 

V|L 

Low Level Input Voltage 


— 

— 

1 

V 

l|N 

Logic Input Leakage Current 

V|N = +5V 

— 

0.01 

0.1 

pA 



V|n = +15V 

— 

0.02 

0.1 

pA 

Id(off) 

Switch OFF Leakage Current 

Vd = +1 OV, Vs = -1 OV, V|N = +5V 

— 

0.2 

5 

nA 

IS(OFF) 

Switch OFF Leakage Current 

Vs = +10V. Vd = -10V, V|N = +5V 

— 

0.2 

5 

nA 

I- 

Negative Supply Quiescent Current 

V|N = 0 or V+ 

— 

— 

-8 

mA 

1+ 

Positive Supply Quiescent Current 

V|N = 0 or V'^ 

— 

— 

8 

mA 

Dynamic 

tON 

Switch Turn-On Time 

V|n = 5V, RL=50aCL=12pF 

— 

40 

60 

ns 

tOFF 

Switch Turn-Off Time 

V|n = 5V, RL = 50a, Cl=12pF 

— 

20 

40 

ns 

OIRR 

Off Isolation Rejection Ratio 

fi=100MHz, Rl = 50Q 

37 

40 

— 

dB 



f = 200 MHz, Rl = son 

22 

25 

— 

dB 

11 

Insertion Loss 

f = 200 MHz, Rl = son 

— 

7.8 

13 

dB 

Cq 

Drain-Node Capacitance 

VD=0,f=1 MHz, ViN = 0V 

— 

0.3 

— 

pF 

Cs 

Source-Node Capacitance 

Vs = 0,f=1 MHz, V|N = 0V 

-- 

3 

— 

pF 
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HIGH-SPEED ANALOG SWITCH 


CDG2214 


ELECTRICAL CHARACTERISTICS: V- = -15V, = +15V per channel, unless otherwise noted. 

Limits at Temperature Extremes 




I 

Maximum @ Ta = 


Symbol 

Parameter 

Test Conditions 

-55°C -40°C| +85*^0 +125°C 

Unit 


Static 


Vanalog 

Analog Signal Range 



±10 

±10 

±10 

±10 

V 

rDS(ON) 

Switch ON Resistance 

Vs = +2V 


80 

80 

120 

150 

Q 



Vs =-10 V 


80 

80 

120 

150 

Q 



Vs = +10V 


160 

160 

240 

300 

a 

l|N 

Logic Input Leakage Current 

V|N = +5V 


0.1 

0.1 

1 

10 

pA 



V|n = -i-15V 


0.1 

0.1 

2 

20 

pA 

Id(off) 

Switch OFF Leakage Current 

Vd = +10V, Vs = 

-10V, 

5 

5 

200 

1000 

nA 



V|N = +5V 







IS(OFF) 

Switch OFF Leakage Current 

Vs = +10V, Vd = 

-10 V. 

5 

5 

200 

1000 

nA 



V|N = -I-5V 







l- 

Negative Supply Quiescent Current 

V|N = 0 or V'^ 


-8 

-8 

-10 

-10 

mA 

h 

Positive Supply Quiescent Current 

V|N = 0 or V+ 


8 

8 

10 

10 

mA 


SWriCHING TIMES TEST CIRCUIT TEST WAVEFORMS 



TEST RESULTS 




12-15 






HIGH-SPEED ANALOG SWITCH 


CDG2214 


TYPICAL PERFORMANCE CHARACTERISTICS 
Switch ON Resistance 



5.0 7.5 10.0 12.5 15.0 

* SUPPLY VOLTAGE (V) 


Switch ON Resistance 
vs Source Voltage 



Insertion Loss vs Frequency 



10 20 50 100 200 500 1000 

FREQUENCY (MHz) 



10 20 50 100 200 500 1000 

FREQUENCY (MHz) 
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^^^^TELEDYNE 

COMPONENTS 


CDG2269 


DUAL SPOT CMOS/DMOS ANALOG SWITCH WITH DATA LATCH 


FEATURES 

■ High OFF Isolation 

■ Low Channel-to-Channel Cross Talk 


■ Wide Bandwidth 

■ Analog Signal Range.+1OV to -1OV 

■ Low ON Resistance.20W Typ 


APPLICATIONS 

■ RF and Video Switches 

■ High-Speed Precision Data Acquisition 

■ L-PAD Digital-Controlled Attenuators 


GENERAL DESCRIPTION 

Teledyne Components' CMOS/DMOS analog switches 
feature high-speed, low-power CMOS input logic and level 
translation circuitry, and high-speed, low-capacitance, lat¬ 
eral DMOS switches. CMOS and lateral DMOS circuitry are 
fabricated together on a single silicon chip. This device is 
designed for applications where high OFF Isolation at high 
frequencies is needed. 


LOGIC DIAGRAM 



1065-1 
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DUAL SPOT CMOS/DMOS ANALOG 
SWITCH WITH DATA LATCH 


CDG2269 


PIN CONFIGURATIONS 


m 

l|] CLEAR/RESET 
^ ANALOG GND 
SW2/1 
TU GND 

33 *1 

OUT SW 1/1 
1 ] IN SW 1/1 

(TOP VIEW) (TOP VIEW) 


SW 1/0 IN |T 
SW 1/0 OUT |T 
Ao[T 
GND \T 
SW2/0|T 
ANALOG GND [± 
LATCH ENABLE [7 
v-[T 



m 

iH CLEAR/RESET 
iD ANALOG GND 
13] SW2/1 
12] GND 

iH 

1^ OUT SW 1/1 
T] IN SW 1/1 


SW 1/0 IN [T 
SW 1/0 OUT |T 

^)[I 

gnd|T 
SW2/0|T 
ANALOG GND [¥ 
LATCH ENABLE |T 
v-"[T 



FUNCTION TABLE 



Input 


Switch 


A 

Le 

C 

SWi 

SWa 

L 

H 

L 

ON 

OFF 

H 

H 

L 

OFF 

ON 

X 

X 

H 

OFF 

ON 

L 

L 

L 

Note 1 

Note 2 


NOTES: 1. Hold input state one setup before Le high-to-low 

transition. If input state is low, then switch ON. If input 
state i s high , then switch OFF. 

2. SWi = SW2. 


ORDERING INFORMATION 


Part No. 

Package 

Operating 

Temperature Range 

CDG2269CPE 

16-Pin Plastic DIP 

0*^0 to +70°C 

CDG2269COE 

16-Pin SO 

0®C to +70°C 


ABSOLUTE MAXIMUM RATINGS 

Negative Supply Voltage.-20V 

Positive Supply Voltage.+20V 

Control Input Voltage 

Range.V+ +0.3V, V" -0.3V 

Continuous Current, Any Pin Except S or D.20 mA 

Continuous Current, S or D.30 mA 

Peak Pulsed Current, S or D, 

80 ps, 1 %, Duty Cycle.100 mA 

Junction Temperature Range.-55°C to +125°C 

Storage Temperature Range.-65°C to +150°C 

Power Dissipation.500 mW 

NOTE: All devices contain diodes to protect inputs against damage due to 
high-static voltages or electric fields. However, it is advised precautions be 
taken notto exceed the maximum recommended input voltages. All unused 
inputs must be connected to an appropriate logic voltage level (VoDorGNO). 
Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended 
periods may affect device reliability. 
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DUAL SPOT CMOS/DMOS ANALOG 
SWITCH WITH DATA LATCH 


CDG2269 


RECOMMENDED OPERATING CONDITIONS 


Negative Supply Voltage.-8V to -15V 

Positive Supply Voltage.+8V to +15V 

Control Input Voltage Range.OV to +5V 

Operating Temperature Range.0°C to +70°C 


ELECTRICAL CHARACTERISTICS: Ta = +25°C, V“ = -15V, V'^ = +15V per channel, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Static 

Vanalog 

Analog Signal Range 


-10 

— 

+10 

V 

rDS(ON) 

Switch ON Resistance 

Vs = -10V, ls = -1 mA 

— 

29 

80 

Q 


(Switches 2/0 and 2/1 ) 

Vs = +2V, Is = 1 mA 

— 

40 

80 

Q 



Vs = +10V, Is =-1 mA 

— 

100 

160 

Q. 

l'DS(ON) 

Switch ON Resistance 

Vs =-10V, Is =-1 mA 

— 

13 

40 

Q. 


(Switches 1/0 and 1/1) 

Vs = +2V, Is = 1 mA 

— 

20 

40 

n 



Vs = +10V, ls = -1 mA 

— 

50 

80 

Q 

V,H 

Logic "1" High Input Voltage 


4.5 

3.4 

— 

V 

V,L 

Logic "0" Low Input Voltage 


— 

— 

1 

V 

l|N 

Logic Input Leakage Current 

V|N = +5V 

_ 

0.01 

0.1 

pA 



V|n = +15V 

— 

0.02 

0.1 

pA 

Id(OFF) 

Switch OFF Leakage Current 

Vd = +10V, Vs = -10V 

— 

0.4 

5 

nA 


(Switches 2/0 and 2/1 ) 






IS(OFF) 

Switch OFF Leakage Current 

Vs = +10V, Vd = -10V 

— 

4 

20 

nA 


(Switches 2/0 and 2/1 ) 






Id(OFF) 

Switch OFF Leakage Current 

Vd = +10V, Vs = -1QV 


0.4 

5 

nA 


(Switches 1/0 and 1/1) 






Is(OFF) 

Switch OFF Leakage Current 

Vs = +10V, Vd = -10V 

— 

4 

20 

nA 


(Switches 1/0 and 1/1) 






|- 

Negative Supply Quiescent Current 

V|N = OV or V+ 

— 

-0.05 

-0.5 

pA 

1+ 

Positive Supply Quiescent Current 

V|N = OV or V+ 

— 

0.03 

0.5 

^lA 


Dynamic 


to 

Propagation Delay 







Data to Switch ON 


— 

180 

250 

ns 


Data to Switch OFF 


— 

100 

200 

ns 


Latch Enable to Switch ON 


_ 

180 

250 

ns 


Latch Enable to Switch OFF 


-- 

140 

200 

ns 


Clear to Switch ON 


— 

180 

250 

ns 


Clear to Switch OFF 


— 

90 

150 

ns 

ts 

Setup Time 


150 

120 

— 

ns 

tH 

Hold Time 


150 

90 

— 

ns 

tw 

Pulse Width 


50 

40 

— 

ns 

OIRR 

Off Isolation Rejection Ratio 

f=10MHz, Rl=50O 

42 

45 


dB 


(Switches 1/0 and 1/1) 

f = 200 MHz, Rl=50O 

12 

15 


dB 


Frequency Roll-Off (Bandwidth) 

f = 200 MHz, Rl = 500 

— 

1 

3 

dB 

Cd 

Drain-Node Capacitance 

VD = 0V,f = 1 MHz, ViN=0V 

— 

0.6 

— 

pF 

Cs 

Source-Node Capacitance 

Vs = OV, f = 1 MHz, V|N = OV 

— 

6 

— 

pF 
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SWITCH ON RESISTANCE {n) SWITCH ON RESISTANCE (Q) 


DUAL SPOT CMOS/DMOS ANALOG 
SWITCH WITH DATA LATCH 


CDG2269 

TYPICAL PERFORMANCE CHARACTERISTICS CURVES 


Switch ON Resistance vs 
Analog Input Voltage 



-10-8-6-4-2 0 +2 +4 +6 

ANALOG INPUT VOLTAGE (V) 


Switch ON Resistance vs 
Analog Input Voltage 



-5 -4 -3 -2 -1 0 

ANALOG INPUT VOLTAGE (V) 


Switch ON Resistance vs 
Analog Input Voltage 



-15 -10 -5 0+5 +10 

ANALOG INPUT VOLTAGE (V) 


Off Isolation and Insertion Loss 



1 2 10 20 100 200 
FREQUENCY (MHz) 
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INSERTION LOSS (dB) 





LOGIC INPUT LEAKAGE (nA) LOGIC THRESHOLD (V) 


DUAL SPOT CMOS/DMOS ANALOG 
SWITCH WITH DATA LATCH 


CDG2269 


TYPICAL PERFORMANCE CHARACTERISTICS CURVES (Cont.) 


Logic Threshold vs 
Ambient Temperature 



-55 -35 -15 +5 +25 +45 +65 +85 

AMBIENT TEMPERATURE (°C) 


Supply Current vs 
Ambient Temperature 



AMBIENT TEMPERATURE (°C) 


Logic Input Leakage Current 
vs Ambient Temperature 
35 

30 

25 

20 

15 

10 

5 

0 

15 25 35 45 55 65 75 85 

AMBIENT TEMPERATURE (°C) 



Switch OFF Leakage vs 
Ambient Temperature 



15 25 35 45 55 65 75 85 

AMBIENT TEMPERATURE TO 
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NOTES 



^^^^TELEDYNE 

COMPONENTS 


CDG308 CDG4308 
CDGSOg CDG4309 


QUAD MONOLITHIC, SPST CMOS/DMOS ANALOG SWITCHES 


FEATURES 

■ High OFF Isolation.68 dB @ 10 MHz 

■ Low Insertion Loss.-1 dB @ 100 MHz 

■ Low Channel-to-Channel 

Cross Talk.-80 dB @ 10 MHz 

■ CMOS-Compatible Inputs 

■ Low OFF Leakage 

■ Industry Standard Pinout (CDG308/CDG309) 

APPLICATIONS 

■ Glitch-Free Analog Switching 

■ RF and Video 

■ Track-and-Hold 

■ Sample-and-Hold 


GENERAL DESCRIPTION 

Teledyne Components' CMOS/DMOS analog switches 
feature high-speed, low-power CMOS input logic and level 
translation circuitry, and high-speed, low-capacitance, lat¬ 
eral DMOS switches. CMOS and lateral DMOS circuitry are 
fabricated together on a single silicon chip. The CDG4308 
and CDG4309 use the same die as CDG308 and CDG309: 
the extra isolating pin between switch input and output 
increases isolation by 6 dB. 


FUNCTIONAL BLOCK DIAGRAMS 



1066-1 
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QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCHES 

CDG308 CDG4308 
CDG309 CDG4309 


PIN CONFIGURATIONS 








■Nl [T 

• 

IT 







DiE? 


in ^2 

INi (T 



^ INg 

INlE 

• ^ 

iH ‘^2 

NC[3 


NC 

°i\I 



«]D2 

D 1 [I 


iD Dj 

Si [4 


H S 2 

Si [T 



13 Sj 

Si [3 


ni S 2 

v-E 

CDG4308 


v-[T 



D v+ 

v-U 

CDG308 

^ v+ 

GNDIT 

CDG4309 

^ NC 

GND [T 


CDG309 

U NC 

GND \J 

CDG309 

NC 

S 4 [7 


i 3 S3 

S 4 [I 



13 ®3 

S4[I 


13 S 3 

0 

z 


13] NC 

D4[7 



^ D 3 

D4II 


D 3 

D4E 


H D 3 

IN4[T 



U 1N3 

in 4 [|; 


I]|N3 

IN41^ 


13 'N 3 


(TOP VIEW) 



(TOP VIEW) 



(TOP VIEW) 





NC = NO INTERNAL CONNECTION 





ORDERING INFORMATION 


Part No. 

Package 

Operating 

Temperature Range 

CDG308COE 

16-Pin SO 

0°C to +70°C 

CDG308CPE 

16-Pin Plastic DIP 

O'-C to +70OC 

CDG308EJE 

16-Pin CerDIP 

-40°C to +85°C 

CDG308EOE 

16-Pin SO 

-40'^C to +85°C 

CDG308EPE 

16-Pin Plastic DIP 

-40°C to +85^C 

CDG308MJE 

16-Pin CerDIP 

-55°C to -h125°C 

CDG309COE 

16-Pln SO 

0°C to +70°C 

CDG309CPE 

16-Pin Plastic DIP 

0°C to +70*^0 

CDG309EJE 

16-Pin CerDIP 

-40°C to +85°C 

CDG309EOE 

16-Pin SO 

-40°C to +85‘'C 

CDG309EPE 

16-Pin Plastic DIP 

-40°C to -i-85'^C 

CDG309MJB 

16-Pin CerDIP 

-55°C to +^25°C 

CDG4308CPP 

20-Pin Plastic DIP 

0°C to -r70'’C 

CDG4308EPP 

20-Pln Plastic DIP 

-40°C to+85°C 

CDG4309CPP 

20-Pin Plastic DIP 

0°C to +70^0 

CDG4309EPP 

20-Pin Plastic DIP 

-40X to +85°C 


ABSOLUTE MAXIMUM RATINGS 


Negative Supply Voltage.-20V 

Positive Supply Voltage.+20V 

Control Input Voltage Range.,V+ +0.3V, V~ -0.3V 

Continuous Current, Any Pin Except S or D.20 mA 

Continuous Current, S or D..30 mA 

Peak Pulsed Current, S or D, 

80 ps, 1%, Duty Cycle.180 mA 

Junction Temperature Range.-55°C to +125°C 

Storage Temperature Range.-65°C to +150°C 

Power Dissipation...500 mW 


NOTE: All devices contain diodes to protect inputs against damage due to 
high-static voltages or electric fields. However, it is advised precautions be 
taken not to exceed the maximum recommended input voltages. All unused 
inputs must be connected to an appropriate logic voltage level (Vdd orGND). 
Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under Absolute Maximum Ratings may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 
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QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCHES 

CDG308 CDG4308 
CDG309 CDG4309 


RECOMMENDED OPERATING CONDITIONS 


Negative Supply Voltage.-8V to -15V 

Positive Supply Voltage.+8V to +15V 

Control Input Voltage Range.OV to +5V 

Analog Switch Voltage Range.±10V 

Operating Temperature Range 

C Suffix.O^C to +70'’C 

E Suffix.-40°C to+85'’C 

M Suffix.to +125°C 


ELECTRICAL CHARACTERISTICS: Ta = +25°C, V" = -15V, V+ = +15V per channel, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

1 Min 

1 Typ 

Max 

Unit 

Static 





VaNALOG 

Analog Signal Range 


-10 

— 

+10 

V 

l'DS(ON) 

Switch ON Resistance 

Vs =-10V 

— 

40 

80 

a 



Vs = +2V 

— 

45 

80 

a 



Vs = +10V 


100 

160 

Q 

V|H 

High Level Input Voltage 


4.5 

3.4 

— 

V 

V,L 

Low Level Input Voltage 


_ 


1 

V 

l|N 

Logic Input Leakage Current 

ViN = -I-5V 

_ 

0.01 

0.1 

pA 



Vin = +15V 

— 

0.02 

0.1 

pA 

Id(OFF) 

Switch OFF Leakage Current 

Vd = +10V. Vs = -10V 

— 

0.2 

5 

nA 



V,N = +5V (CDG309/CDG4309) 







V|N = +1V (CDG308/CDG4308) 



1 


Is(OFF) 

Switch OFF Leakage Current 

Vs = +10V, Vd = -10V 

— 

0.4 

5 

nA 



V|N = -f-5V (CDG309/CDG4309) 







ViN = +1V (CDG308/CDG4308) 





I- 

Negative Supply Quiescent 

V|N = +5V (CDG309/CDG4309) 

— 

-0.1 

-0.5 

fA 


Current 

ViN = -Fl V (CDG308/CDG4308) 





1-^ 

Positive Supply Quiescent 

ViN = +5V (CDG309/CDG4309) 

_ 

0.1 

0.5 

pA 


Current 

ViN = +1V {CDG308/CDG4308) 






Dynamic 


toN 

Switch Turn-On Time 

ViN = +1V (CDG308/CDG4308) 

ViN = +5V (CDG309/CDG4309) 

— 

140 

250 

ns 

toFF 

Switch Turn-Off Time 

V|N = +1V (CDG308/CDG4308) 

V|N = +5V (CDG309/CDG4309) 

— 

80 

220 

ns 

OIRR 

Off Isolation Rejection Ratio 

f = 10 MHz, Rl = 50Q (CDG308/CDG309) 
f = 10 MHz, Rl = son (CDG4308/CDG4309) 

60 

66 

62 

68 

_ 

dB 

dB 

CcRR 

Cross-Coupling Rejection Ratio 

f = 10MHz, RL = 50n 

— 

80 


dB 

Cd 

Drain-Node Capacitance 

Vd = Vs = 0,f= 1 MHz 

V|N = +1V (CDG308/CDG4308) 

V|N = +5V (CDG309/CDG4309) 


0.3 


PF 

Cs 

Source-Node Capacitance 

Vd = Vs = 0,f= 1 MHz 

Vs = 0, f = 1 MHz, V|N = OV 

V|N = +5V (CDG309/CDG4309) 


3 


pF 


12 
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QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCHES 


CDG308 CDG4308 
CDG309 CDG4309 


ELECTRICAL CHARACTERISTICS: V- = -15V, V+ = +15V per channel, unless otherwise noted. 

Limits at Temperature Extremes 




Maximum @ Ta = 


Symbol Parameter 

Test Conditions 

-55°C 1 -40°C 1 +70°C 1 +85‘>C | +125‘>C 

Unit 


Static 


Vanalog 

Analog Signal Range 


±10 

±10 

±10 

±10 

±10 

V 

rDS(ON) 

Switch ON Resistance 

Vs = +2V, Vs = -10V 

80 

80 

120 

120 

150 

a 



Vs = +10V 

160 

160 

240 

240 

300 

Q 

l|N 

Logic Input Leakage Current 

V|N = -f5V 

0.1 

0.1 

1 

1 

10 

pA 



V|n = +15V 

0.1 

0.1 

2 

2 

20 

pA 

Id(off) 

Switch OFF Leakage Current 

Vd = +10V, Vs =-10V 

5 

5 

100 

100 

1000 

nA 

•(OFF) 

Switch OFF Leakage Current 

Vs^+IOV, Vd = -10V 


5 

100 

100 

1000 

nA 

|- 

Negative Supply Quiescent Current 


-0.5 

-0.5 

-20 

-20 

-100 

pA 


Positive Supply Quiescent Current 


0.5 

0.5 

20 

20 

100 

pA 


SWITCH CONTACTS 

Switches are bidirectional (analog input can be to source 
or drain). However, for optimum performance in video appli¬ 
cations, connect input to source and output to drain. (See 
Figure 1.) 

POWER SUPPLY DECOUPLING CIRCUIT 

By inserting 1 kQ resistors in series with and V" 
power supply lines, and decoupling both pins at the device 
socket, it is possible to improve video switch power supply 
rejection ratios by 50 dB at frequencies of 20 MHz and 
higher. (See Figure 2.) 





Figure 1 Functional Diagram (1 of 4 Channels) 


APPLICATIONS 

Very Low Distortion Circuit for Low 
Frequency/Large Signal Applications 

The circuit shown In Figure 3 provides very low distor¬ 
tion (<0.1%) and high off isolation (>90 dB) at signal levels 
equal to the supply voltage. The signal passes through a "T" 
switch configuration and at the same time modulates the 
power supply. This modulation maintains a constant ON 
resistance, rDS(ON), which In turn reduces distortion. R5 is for 
bypassing the power supply and has a typical value of 1 kO; 
R4 should be a value that can be accommodated by the 
signal source as load; R3 is only necessary at loads lower 
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QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCHES 

CDG308 CDG4308 
CDG309 CDG4309 


than 100Q and should be selected during initial circuit 
design; C1 has to be large enough for the lowest signal to 
pass and C2 will have to bypass all signals. R1 and R2 set 
up the logic "1" level for the control input and should be set 
to 5V. 



Logic Inverter 

The circuit shown in Figure 4 provides logic inversion 
with two resistors and one switch. It does not require addi¬ 
tional logic parts. The resistors divide the supply voltage to a 
5V level when high, and are switched to a low level via the 
switch. This configuration allows a single-pole, single-throw 
switch to be changed into a single-pole, double-throw switch. 



TEST CIRCUITS 


Switching Times 


.15V 
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QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCHES 

CDG308 CDG4308 
CDG309 CDG4309 


TEST CIRCUITS (Cont.) 


Off Isolation Switch ON Resistance vs Frequency 



*NOTE: C = 0.22pF//10jjF 



Distortion vs Frequency 



HARMONIC DISTORTION 

‘NOTE: C = 0.22 mF// 10 pF 10 MHz TO 40 MHz 
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SWITCH ON RESISTANCE (Q) SWITCHING TIME (ns) 


QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCHES 


TYPICAL PERFORMANCE CHARACTERISTICS 


CDG308 CDG4308 
CDG309 CDG4309 


Switching Time 
vs Supply Voltage 



0 5 10 15 

± SUPPLY VOLTAGE (V) 


Off isolation Rejection Ratio 
vs Frequency 



Switch ON Resistance 
vs Analog Voltage 



Switch ON Resistance 
vs Supply Voltage 
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QUAD MONOLITHIC, SPST 
CMOS/DMOS ANALOG SWITCHES 


CDG308 CDG4308 
CDG309 CDG4309 


TYPICAL PERFORMANCE CHARACTERISTICS (Cont.) 
Switch ON Resistance 
vs Frequency 

85 I 


Switch ON Resistance vs 
Suppiy Voitage and Frequency 


LU 

^ 75 


% ™ 


65 


lU 
QC 
Z 

o 

O 60 

0) 55 


50 


— 

* +25°C 
-RL = 50n 

^analog * IOC 

— 



"'^'rms 











\r. = ±8v _ 

- - 

—' 

— 

V". V’*’ S= ±10V 




V”. V+ = *10V 

^ -— 

V”, V+=:±15V 





20 40 60 80 100 

FREQUENCY (MHz) 

Totai Harmonic Distortion 


0.85 

0.80 

0.75 

0.70 

0.65 

0.60 

0.55 

0.50 

0.45 

0.40 

0.35 

0.30 


— 

_T/^ = +25°C 

Rl = 50Q 

— 






^analog = 100 

"'''rms 











_ .Arwi — 




V , V s ±10V 



_^ 









~V” V^ = ±12V~ 










40 60 80 100 

FREQUENCY (MHz) 

Distortion vs 
Analog Input Voltage 


z 

o 


cc 

o 


CO 

o 


10 


20 

FREQUENCY (MHz) 


m 150 
■o 

o 

E 130 
“ 120 
Q 110 

a 100 

S 90 
a. 

>. 80 

q! 70 
cx. 

S 60 

55 50 

5 40 



Power Supply Rejection Ratio 
vs Frequency 


30 


1- 

_Ta=+25oC 
VmOD = 4\ 











V“ 

V+ = ± 

15V 


























~PJ 

3RR, + 

^SRR 

r-1 

wm 

1 DECOUPLING 



,^SRR 

WITh 

OUT 

3UPL 

ING“ 



>SRR 


DEC( 


_ 

1 







_ 

_ 





0.1 0.2 


0.5 1.0 2 5 

FREQUENCY (MHz) 


12-30 





^^N^TELEDYNE 

COMPONENTS 


CDG4500 


4-CHANNEL CMOS/DMOS HIGH-FREQUENCY MULTIPLEXER 


FEATURES 

■ High OFF Isolation, >62dB @ 10 MHz 

■ Low Channel-to-Channel Crosstalk, 
>80dB @ 10 MHz 

■ 5 Volt CMOS Compatible Inputs 

■ Low ON Resistance, 40 Q typ. 

■ Wide Bandwidth, -3.0dB @ 100 MHz 

■ Wide Analog Signal Range +10V to -lOV 

■ High Speed Logic Control 

APPLICATIONS 

■ RF & Video Switches 

■ High Speed Precision Data Acquisition 


GENERAL DESCRIPTION 

Teledyne CMOS/DMOS Analog Multiplexers feature 
high-speed, low-power 5 volt CMOS input logic and level 
translation circuitry and high speed, low capacitance Lateral 
DMOS switches. CMOS and Lateral DMOS circuitry are 
fabricated together on a single silicon chip. This part is 
designed for applications where high "off" isolation at high 
frequencies is needed. The 14 pin configuration gives a 
compact board layout without impacting "off" isolation and by 
use of the enable allows higher levels of multiplexing. 

All devices contain diodes to protect Inputs against 
damage due to high static voltages or electric fields; how¬ 
ever, it is advised that precautions be taken not to exceed the 
maximum recommended input voltages. All unused inputs 
must be connected to an appropriate logic level (either Vcc 
or GND). 


FUNCTION DIAGRAM 


Aq en 



FUNCTION TABLE 


ENABLE 

Ao 

Ai 

CHANNEL 

H 

X 

X 

OFF 

L 

L 

L 

SI 

L 

H 

L 

S2 

L 

L 

H 

S3 

L 

H 

H 

S4 


X = Undefined 


PIN CONFIGURATION 



12 


CDG4500AK 

CDG4500BK 

(See Package 14) 


CDG4500BJ 

CDG4500CJ 

(See Package 9) 


4346 ILL F02 


1067-1 ( 4346 ) 
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4-CHANNEL CMOS/DMOS 
HIGH-FREQUENCY MULTIPLEXER 


CDG4500 


ABSOLUTE MAXIMUM RATINGS 

V~ Negative Supply Voltage ..-20V 

V+ Positive Supply Voltage.+20V 

V|N Control Input Voltage 

Range ..V+ +0.3V, V--0.3V 

II Continuous Current, any Pin except S or D ...20mA 

Is Continuous Current, S or D.30mA 

Is Peak Pulsed Current, S or D, SOpsec, 1% 

Duty Cycle.100mA 

Tj Junction Temperature Range.-55°C to +125°C 

Ts Storage Temperature Range.-55°C to +125°C 

Pd Power Dissipation (derate at 12mW/°C, 

above +85°C). 500mW 

RECOMMENDED OPERATING CONDITIONS 


V- 

Negative Supply Voltage .. 

.-8.0 to -15V 

v-h 

Positive Supply Voltage. 

.+8.0to+15V 

ViN 

Control Input Voltage Range. 

.0to+5V 

Top 

Operating Temperature 



(A Suffix). 

.-55 to +125°C 


(B Suffix). 

.-40to+85''C 


(C Suffix). 

.0 to -f-70°c 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


ORDERING INFORMATION 


4>Channel Multiplexer 
with Enable 

14-Pln 

Plastic DIP 

14-Pin 
Ceramic DIP 

Commercial Temp. 
Range 

CDG4500 CPD 

— 

Industrial Temp. 

Range 

CDG4500 EPD 

CDG4500 EJD 

Military Temp. 

Range 

— 

CDG4500 MJD 
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4-CHANNEL CMOS/DMOS 
HIGH-FREQUENCY MULTIPLEXER 


CDG4500 


ELECTRICAL CHARACTERISTICS: (V- = -15V, V+ = +15V, per channel, unless otherwise noted, Ta = +25°C) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Static 

Vanalog 

Analog Signal Range 


-10 


-FlO 

V 

rDS(on) 

Channel On Resistance 

< 

CO 

II 

o 

< 

_ 

40 

80 

n 



Vs = +2.0V 


45 

80 




> 

o 

+ 

11 


100 

160 


VlH 

Logic High Level Input Voltage 


4.5 

3.4 

— 

V 

VlL 

Logic Low Level Input Voltage 


— 

— 

1.0 

V 

l|N 

Logic Input Leakage Current 

Vin=+5.0V 

— 

0.01 

0.1 

pA 



Vin = +15V 

— 

0.02 

0.1 


Id(OFF) 

Switch OFF Leakage Current 

Vd = +10V, Vs =-10V 


0.2 

5.0 

nA 

IS(OFF) 


Vs = +10V, Vd = -10V 

— 

0.4 

5.0 


1- 

Negative Supply Queiescent Current 

V|N = 0 or V+ 

— 

-1.4 

-4.0 

mA 

l-F 

Positive Supply Quiescent Current 

ViN = 0 or V+ 

~ 

1-6 

4.0 

mA 

Dynamic 

tON 

Switch Turn-On Time (All inputs) 

V|N = 5.0V 

— 

150 

250 

nsec 

tOFF 

Switch Turn-0FF Time (All inputs) 

Vin = 5.0V 


120 

220 

nsec 

CcRR 

All Crosstalk 

f=:10MHz, Rl=50Q ! 

62 

^ - 

— 

dB 


Single Channel Crosstalk 

f = 10MHz, Rl^SOQ 

80 

__ 

— 



Frequency Roll-Off (Bandwidth) 

f=: 100 MHz, RL=50a 

~ 

1.0 

3.0 


Cd 

Output Node Capacitance 

VD=0.f=1 MHz, ViN = 0 

— 

8.0 

12.0 

PF 

Us 

Input Node Capacitance 

Vs = 0. f = 1 MHz, ViN = 0 

— 

2.5 

4.0 

pF 


ELECTRICAL CHARACTERISTICS: (V- = -15V, V+ = +15V, per channel, unless othenA/ise noted) 
LIMITS AT TEMPERATURE EXTREMES 


Symbol 

Parameter 

Test Conditions 

MAXIMUM @ Ta = 

Units 




1 -40°C 1 +70°C 1 | +125“C 



Static 


Vanalog 

Analog Signal Range 

- 1 

±10 

±10 

±10 

±10 

±10 

V 

rDS(on) 

Channel On Resistance 

Vs =-10V, Is =-1.0 mA 

80 

80 

120 

120 

150 

Q. 



Vs = -f2.0V, ls = +1.0mA 

80 

80 

120 

120 

150 

Q 



Vs = -Fl0V, ls = -1.0 mA 

160 

160 

240 

240 

300 

Q 

IlN 

Logic Input 

ViN = +5.0V 1 

0.1 1 

0.1 

1.0 

1.0 

10 

pA 


Leakage Currents 

Vin = +15V 

0.1 

0.1 

2.0 

2.0 

20 


Id(off) 

Switch OFF 

Vd = +10V, Vs = -10V 

5.0 

5.0 

100 

100 

1000 

nA 

Is(off) 

Leakage Currents 

Vs = +10V, Vd = -10V ! 

5.0 

5.0 

100 

100 

1000 


1- 

Supply 

V|N = 0 or V+ 

-4.0 

-4.0 

-4.0 

-4.0 

-4.0 

mA 

l-F 

Quiescent Currents 

V|N = 0 or V-F 

4.0 

4.0 

4.0 

4.0 

4.0 

mA 
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^^^^TELEDYNE 

COMPONENTS 


CDG5341 


DUAL MONOLITHIC, SPST CMOS/DMOS 
"T" CONFIGURATION ANALOG SWITCH 


FEATURES 


■ Ultra-High OFF Isolation.>80 dB @ 10 MHz 

■ Low Channel-to-Channel 

Cross Talk.-80 dB @ 10 MHz 

■ CMOS-Compatible Inputs 

■ Low ON Resistance..<110a 

■ Wide Bandwidth.-1 dB @ 50 MHz 


GENERAL DESCRIPTION 

Teledyne Components' CMOS/DMOS analog switches 
feature high-speed, low-power 5V CMOS input logic and 
level translation circuitry, and high-speed, low-capacitance, 
lateral DMOS switches. CMOS and lateral DMOS circuitry 
are fabricated together on a single silicon chip. 


APPLICATIONS 

■ RF and Video Switches 

■ Data Acquisition 


FUNCTIONAL BLOCK DIAGRAM 



PIN CONFIGURATION 


v*[T 


ills, 

COMMON 1 [T 


13] COMMON 1 

Di [T 


jH IN^ 

GND [T 


HI NC 

DjU 

mu 

IN 2 

v-U 


11 S 2 

COMMON 2 [T 


i]NC 


(TOP VIEW) 


NC = NO INTERNAL CONNECTION 


12 


1068-1 
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DUAL MONOLITHIC, SPST CMOS/DMOS 
■T" CONFIGURATION ANALOG SWITCH 


CDG5341 _ 

ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS 


Part No. 

Operating 

Package 

Temperature Range 

CDG5341EPE 

14-Pin Plastic DIP 

-40X to -I-85X 

CDG5341CPE 

14-Pin Plastic DIP 

OX to -I-70X 

CDG5341EJE 

14-Pin CerDlP 

-40Xto +85X 

CDG5341MJE 

14-Pin CerDIP 

-55X to-i-125X 


RECOMMENDED OPERATING CONDITIONS 

Negative Supply Voltage.-8V to ~15V 

Positive Supply Voltage.+8V to +15V 

Control Input Voltage Range.OV to +5V 

Analog Switch Voltage Range.±10V 

Operating Temperature Range 


M Suffix.-55°C to +125°C 

E Suffix.-40°C to +85°C 

C Suffix.OX to +70X 


Negative Supply Voltage.-20V 

Positive Supply Voltage.+20V 

Control Input Voltage 

Range.V+ +0.3V, V“ -0.3V 

Continuous Current, Any Pin Except S or D.20 mA 

Continuous Current, S or D.30 mA 

Peak Pulsed Current, S or D, 

80 ps, 1 %, Duty Cycle.100 mA 

Junction Temperature Range.-55X to +125X 

Storage Temperature Range.-65X to +150X 

Power Dissipation.500 mW 

_ (Derate at 12 mW/°C Above +85°C) _ 

NOTE: All devices contain diodes to protect inputs against damage due to 
high-static voltages or electric fields. However, it is advised precautions be 
taken notto exceed the maximum recommended input voltages. All unused 
inputs must be connected to an appropriate logic voltage level (Vdd or G N D). 
Stresses above those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is 
not implied. Exposure to Absolute Maximum Rating Conditions for 
extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Ta = +25®C, V~ = -15V, V+ = +15V per channel, unless otherwise noted. 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Static 

Vanalog 

Analog Signal Range 


-10 

— 

+10 

V 

l'DS(ON) 

Switch ON Resistance 

Vs = -10V, Is = -1 mA 

— 

100 

160 

a 



Vs +2V, Is = 1 mA 

— 

110 

160 

Q 



Vs = -1-1 OV, Is = -1 mA 

— 

200 

320 

D. 

V,H 

High Level Input Voltage 


4.5 

3.4 

— 

V 

VlL 

Low Level Input Voltage 


— 

— 

1 

V 

IlN 

Logic Input Leakage Current 

V|N = +5y 

— 

0.01 

0.1 

pA 



V|n = +15V 

— 

0.02 

0.1 

pA 

iD(OFF) 

Switch OFF Leakage Current 

Vd = +10V, Vs =-10V 

— 

0.2 

5 

nA 

IS(OFF) 

Switch OFF Leakage Current 

Vs = -Fl0V. Vd = -10V 

— 

0.2 

5 

nA 

1- 

Negative Supply Quiescent Current 

V|N=0orV+ 

— 

-0.1 

-0.5 

ttA 

1+ 

Positive Supply Quiescent Current 

V|N = 0 or V^ 

— 

0.1 

0.5 


Dynamic 

tON 

Switch Turn-On Time 

V|N = +5V 

— 

150 

250 

ns 

tOFF 

Switch Turn-Off Time 

V|n = -h5V 

— 

80 

220 

ns 

OIRR 

Off Isolation Rejection Ratio 

f=10MHz, Rl=50Q 

80 

— 

— 

dB 

CCRR 

Cross-Coupling Rejection Ratio 

f=10MHz, RL=50a 

80 

— 

— 

dB 


Frequency Roll-Off (Bandwidth) 

f = 10MHz, RL=50a 

— 

1 

3 

dB 

Cd 

Drain-Node Capacitance 

VD=0,f=1 MHz, ViN = 0V 

— 

0.3 

— 

pF 

Cs 

Source-Node Capacitance 

Vs = 0, f = 1 MHz, V|N = OV 

— 

3 

— 

pF 
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DUAL MONOLITHIC, SPST CMOS/DMOS 
■T" CONFIGURATION ANALOG SWITCH 


CDG5341 


ELECTRICAL CHARACTERISTICS: V- = -15V, V+ = +15V per channel, unless otherwise noted. 

Limits at Temperature Extremes 





Maximum @ Ta = 


Symbol 

Parameter 

Test Conditions 

-SS’C 1 -4Q°C 1 +70'‘C 1 +85°C 1 +125°C 

Unit 


Static 


Vanalog 

Analog Signal Range 


1 

±10 

±10 

±10 

±10 

±10 

V 

l'DS(ON) 

Switch ON Resistance 

Vs =-10V, ls = - 

-1 mA 

160 

160 

240 

240 

300 

a 



Vs = +2V, Is = +1 rnA 

160 

160 

240 

240 

300 

a 



Vs = +10V, Is = ■ 

-1 mA 

320 

320 

480 

480 

600 

a 

l|N 

Logic Input Leakage Current 

V,n = +5V 


0.1 

0.1 

1 

1 

10 

pA 



V|N = +15V 

1 

0.1 

0.1 

2 

2 

20 

pA 

Id(OFF) 

Switch OFF Leakage Current 

Vd = +10V, Vs = 

-10 V 1 

5 

5 

100 

100 

1000 

nA 

Is(OFF) 

Switch OFF Leakage Current 

Vs = +10V, Vd = 

-10 V 

5 

5 

100 

100 

1000 

nA 

1- 

Negative Supply Quiescent Current 

V|N = 0 or V+ 


-0.5 

-0.5 

-20 

-20 

-100 

pA 

r 

Positive Supply Quiescent Current 

ViN = 0 or V+ 


0.5 

0.5 

20 

20 

100 

pA 


TYPICAL PERFORMANCE CHARACTERISTICS CURVES 

Off Isolation Rejection Ratio vs Frequency Switch ON Resistance vs Frequency 




FREQUENCY (MHz) FREQUENCY (MHz) 


Switching Time vs Supply Voltage 
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^^^^TELEDYNE 

COMPONENTS 


QUAD SINGLE-POLE CMOS ANALOG SWITCHES 


GENERAL DESCRIPTION 

The TC4201, TC4202 and TC4203 are quad CMOS 
analog switches, specifically designed for low supply volt¬ 
age applications. Special care was taken to reduce cross¬ 
talk and feedthrough, while maintaining uniform "on" resis¬ 
tance at supply voltages as low as ±1.5V. This also results 
in extremely low charge transfer during switching, typically 
5 pc, compared to 30 pC with similar devices. 

Charge transfer is an extremely important consideration 
in the design of sample-and-hold circuits, low-level analog 
signal switching, and Interfacing to high-input impedances, 
such as those presented by analog-to-digital converters. 

This switch family offers four independent single-pole, 
single-throw (SPST) circuits and features single- or dual¬ 
supply operation, with analog input voltage range equal to 
the supply voltage. The CMOS design requires very low 
supply current. 

The TC4201 consists of four normally-open (Form A) 
contacts. 

The TC4202 consists of four normally-open (Form B) 
contacts. 

The TC4203 combines two Form A contacts with two 
Form B contacts, and may be configured as two Form C 
(SPOT) circuits. 


12 


PIN CONFIGURATIONS 



FEATURES 


■ Low rDS(ON) (+25°C).<175Q Max 

■ Analog Input Leakage Current.1 nA 

■ Analog Input Equal to Supply 

■ Supply Current...300 pA 

■ Low-Current Logic Input 


■ Pin Compatible With DG201 (TC4201) 


TC4201 

TC4202 

TC4203 


1071-1 
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TC4201 

TC4202 

TC4203 


QUAD SINGLE-POLE 
CMOS ANALOG SWITCHES 


TRUTH TABLE 


Logic 

TC4201 

SW1-4 

TC4202 

SW1-4 

SW1 

SW2 

TC4203 

SW3 

SW4 

0 

Closed 

Open 

Open 

Open 

Closed 

Closed 

1 

Open 

Closed 

Closed 

Closed 

Open 

Open 


ORDERING INFORMATION 


Part No. 

Package 

Temperature Range 

TC420XCPE 

16-Pin Plastic DIP 

0®C to +70°C 

TC420XCOE 

16-Pin SO Wide 

0®C to +70°C 

TC420XIJE 

16-Pin CerDIP 

-25°C to +S5°C 

TC420XMJE 

16-Pin CerDIP 

-55°C to-Hl25X 


NOTE: X= 1,2 or 3. 

ABSOLUTE MAXIMUM RATINGS 


Supply Voltages 

Vs+toVs" .+ 18 V 

Vs+toGND.....+ 18 V 

Vs-toGND.- 18 V 

Vs or Vd to Vs“.OV to +18V 

Vs or Vd to Vs'*'.OV to -18V 

Vdigital to GND. Vs~ Vs"*" 

Current* 

Any Pin.20 mA 

S or D, Peak (1 ms, 10% Duty Cycle)...70 mA 

Storage Temperature Range.+65°C to +150''C 

Operating Temperature Range 

Plastic DIP (C).0°C to +70°C 

CerDIP (I).-25°C to 4-85°C 

CerDIP (M). -55°C to +125‘^C 


Package Power Dissipation (Ta = +25°C) 

Plastic DIP (C).375 mW (Notes 1,2) 

CerDIP (I and M).500 mW (Notes 1,3) 

‘Input voltages that exceed Ms* or Vs“ will be clamped by internal 
diodes. Limit current to maximum current ratings. 

NOTES: 1. All pins soldered or welded to PC board. 

2. Derate at 6.5 mW/°C above +75°C. 

3. Derate at 13 mW/°C above +75°C. 

Static-sensitive devices. Unused devices should be stored in conductive 
material. Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only, 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is not 
implied. 


ELECTRICAL CHARACTERISTICS: Vs'*' = +5V, Vs“ = OV, GND = OV, unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

+25°C 

Typ 

Max 

OX to 
+70X 
Min Max 

-25Xto 
+85X 
Min Max 

-55°C to 
+125X 
Min Max 

Unit 

Switches 

Vs. Vd 

Analog Input Signal 
Range 


0 

— 

5 

0 

5 

0 5 

0 

5 

V 

rDS(ON) 

Drain Source 

On Resistance 

Is = 1 mA, Switch On 

— 

105 

195 

— 

240 

— 240 

— 

260 ' 

a 

Is(OFF) 

Source Off Leakage 
Current 

Vs = 0.5V to 4.5V, 

VD=4.5to 0.5V, Switch Off 

— 

0.01 

1 

— 100 

— 100 

— 

120 

nA 

Id(off) 

Drain Off Leakage 
Current 

Vs = 0.5V to 4.5V, 

Vd= 4.5 to 0.5V, Switch Off ’ 

— 

0.01 

1 

— 

100 

— 100 

— 

120 

nA 

Id(on) 

Drain On Leakage 
Current 

Vd= Vs = 0.5Vto 4.5V, 

Switch Off 

— 

0.02 

1 

— 

200 

— 200 

— 

230 

nA 
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QUAD SINGLE-POLE 
CMOS ANALOG SWITCHES 


TC4201 

TC4202 

TC4203 


ELECTRICAL CHARACTERISTICS: Vs"^ = +5V, Vs" = -5V, GND = OV, unless otherwise indicated. 








0°Cto 

~25°C to 

-SS’C to 






+25°C 


+70°C 

+85X 

+125°C 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

Switches 

Vs, Vd 

Analog Input Signal 
Range 


-5 

— 

-1-5 

-5 

-f5 

-5 

-f-5 

-5 

+5 

V 

rDS(ON) 

Drain Source 

Vd = ±3.5V, Switch On, 

— 

95 

175 

— 

230 

— 

230 

— 

250 

Q 

On Resistance 

Is = 1 mA 











Is(OFF) 

Source Off Leakage 
Current 

Vs=±4.5V, Vd= =f4.5V, 
Switch Off 

— 

0.01 

1 

— 

100 

— 

100 

— 

120 

nA 

Id(off) 

Drain Off Leakage 
Current 

Vs = ±4.5V, Vd = +4.5V, 
Switch Off 

— 

0.01 

1 

— 

100 

— 

100 

— 

120 

nA 

Id(on) 

Drain On Leakage 
Current 

Vd = Vs = ±4.5V, 

Switch On 

— 

0.02 

1 

— 

200 

— 

200 

— 

230 

nA 

Digital 

V|NH 

Input High Voltage 
(Logic "1") 


— 

1.5 

2.4 

— 

2.4 

— 

2.4 

— 

2.4 

V 

V|NL 

Input Low Voltage 
(Logic "0") 


0.8 

1.5 

— 

0.8 — 

0.8 

— 

0.8 

— 

V 

l|NH 

Input Current With 

Input High Voltage 

V|N = 5V 

— 

0.001 

1 

— 

10 

— 

10 

— 12 

pA 

l|NL 

Input Current With 

Input Low Voltage 

> 

o 

II 

z 

> 

— 

0.001 

1 

— 

10 

— 

10 

— 

12 

pA 

Dynamic 

tON 

Turn-On Time 

See Switch Time 

Test Circuit 

— 

250 

500 

— 

650 

— 

650 

— 

750 

ns 

tOFF 

Turn-Off Time 

See Switch Time 

Test Circuit 

— 

185 

350 

— 

450 

— 

450 

— 

550 

ns 

Qinj 

Charge Injection 

Cl = 1 nF, Vqen = OV, 

Rgen = OO 

— 

5 

— 

— — 

— — 


pC 

Cs(OFF) 

Source Off 

Capacitance 

VD = Vs = 0V,f = 100 kHz 

— 

8 

— 

— 

— 

— 

— 

— 

— 

pF 

Cd(OFF) 

Drain Off Capacitance 

VD = Vs = 0V,f = 100kHz 

— 

8 

— 

— 

— 

— 

— 

— 

— 

PF 

Cc(ON) 

Channel-On 

Capacitance 

VD = Vs = 0V,f = 100kHz 

— 

23 

— 

— — 

— — 


pF 

OIRR 

Off Isolation 

f=100 kHz, Rl= 10000 

— 

65 

— 

— — 

— — 

— — 

dB 

CCRR 

Cross-Talk Rejection 

f=100 kHz, Rl = 10000 

— 

85 

— 

— — 

— — 

— — 

dB 

Power Supply 

Is" 

Positive Supply 

Current 

V,n=5V 

— 

275 

500 

— 

700 

— 

700 

— 

750 

pA 

Is" 

Negative Supply 
Current 

> 

LO 

It 

z 

> 

— 

0.01 

10 

— 


— 

10 

— 

12 

pA 

Supply Operating Range 

Vs"*" to Vs" and Vs"^ to GND 

3 

— 

16 

3 

16 

3 

16 

3 

16 

V 
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TC4201 

TC4202 

TC4203 


QUAD SINGLE-POLE 
CMOS ANALOG SWITCHES 


TYPICAL CHARACTERISTIC CURVES 

Cross Talk/Feedthrough vs Frequency 



10k 100k 1M 10M 


FREQUENCY (Hz) 

On Resistance vs Input Voltage 

600 
550 
500 
^450 

m 400 
O 

Z 350 
H300 
2 250 
z 

o 150 
100 
50 
0 

7.5 5.0 2.5 0 -2.5 -5.0 -7.5 

INPUT VOLTAGE (V) 


Turn-On/Off Time vs Temperature 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 

On Resistance vs Temperature 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 






- i 1 


































-Vci = 

±2.5V. 





b 









-- 

Vs = *5V 





”Vs = ±7.5V 
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QUAD SINGLE-POLE 
CMOS ANALOG SWITCHES 


TEST CIRCUITS 


TC4201 

TC4202 

TC4203 


Switching Time 


SWITCH 
INPUT f> 



LOGIC "0” = SWITCH ON 


SWITCH 


3V 



OUTPUT 

Ai 

0 • 

7 

^ 50% 

“T ^ 

SWITCH 





INPUT 

Vs 


90% 

^20 pF 

SWITCH 



J 


OUTPUT 

^0 



4r 



—► 

k)N 


GND -SV 

NOTE: Repeat test for A2, A3 and A4. 


Charge Injection 


—OVo 

: Cl = 1000 pF 


Vo- 

"'x — 


SIGNAL 

GENERATOR 


Off Isolation 

0.1 

rili. 


Channel-to-Channel Cross-Talk 

. _+5V 


SIGNAL 

GENERATOR 


0.1 pF 

xih 









NOTES 
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MICROPROCESSOR COMPATIBLE CMOS ANALOG SWITCHES 


FEATURES 

■ Data Address Latch On-Chip 

■ Transparent Latch With WR = 0 

■ Write Pulse Operation.< 250 ns 

■ Dual- or Single-Supply Operation 

■ Low rDS(ON) (+25°C).<1 75Q Max 

■ Supply Current.300 jiA 

■ Analog Input Equal to Supply 

■ Analog Input Leakage Current.1 nA 

■ TTUCMOS Compatible 

■ Low-Current Logic Input 


■ Pin Compatible With DG201 and DG221 (TC441) 


GENERAL DESCRIPTION 

The TC441, TC442 and TC443 are CMOS quad, SPST 
analog switches with data address latches. Their pinouts 
match the "201/221" analog switch configuration. The write 
input (WR, pin 12) is not used on the 201/221. The address 
latch is transparent when WR is tied low. 

This switch family features single- or dual-supply opera¬ 
tion, with analog input voltage range equal to the supply 
voltage. The CMOS design requires very low supply current. 

TheTC441 has four normally-closed (Form B) contacts, 
the TC442 has four normally-open contacts (Form A), and 
the TC443 has two normally-open and two normally-closed 
contacts. 

The TC443 can be configured as two DPST (Form C) 
switches. 


PIN CONFIGURATIONS 



1072-1 
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MICROPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 


TC441 

TC442 

TC443 


ORDERING INFORMATION 


ABSOLUTE MAXIMUM RATINGS 


Part No. 

Package Temperature Range 

TC44XCPE 

16-Pin Plastic DIP 

0°C to +70^C 

TC44XCOE 

16-Pin Plastic SO 

0®C to +70°C 

TC44XIJE 

16-Pin CerDIP 

-25°Cto +85°C 

TC44XMJE 

16-Pin CerDIP 

-55°C to+125°C 

CO 

o 

CM 

II 

X 



TRUTH TABLE (Switch State) 


An WR 

TC441 TC442 

TC443 

0 0 

Closed Open 

SW1,SW2 0pen 
SW3, SW4 Closed 

1 0 

Open Closed 

SW1,SW2 Closed 
SW3, SW4 Open 

X 1 

Maintain Previous State 

TIMING DIAGRAM 



Supply Voltages 

Vs-^toVs" .+ 18 V 

Vs-"toGND.+18V 

Vs" to GND.-18V 

VsorVotoVs"^ .OV,-18V 

Vs or Vd to Vs“ .OV, +18V 

Vdigital to GND.Vs“, Vs'*’ 

Current* 


Any Pin.20 mA 

S or D, Peak (1 ns, 10% Duty Cycle).70 mA 

Storage Temperature Range.-65°C to +150°C 

Operating Temperature Range 

Plastic DIP (C)...0°C to +70°C 

CerDIP(l).-25°C to +85°C 

CerDIP (M).-55°Cto +125°C 

Package Power Dissipation (Ta = +25°C) 

Plastic DIP (C).375 mW (Notes 1 and 2) 

CerDIP (I and M).500 mW (Notes 1 and 3) 


‘Input voltages that exceed \/s* or Vs“ will be clamped by internal 
diodes. Limit current to maximum current ratings. 

NOTES: 1. All pins soldered or welded to PC board, 

2. Derate at 6.5 mW/°C. 

3. Derate at 13 mW/°C above+75°C. 

4. Static-sensitive device. Unused devices must be stored in 
conductive material. Protect devices from static discharge 
and static fields. Stresses above those listed under 
Absolute Maximum Ratings may cause permanent 
damage to the device. These are stress ratings only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational 
sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods 
may affect device reliability. 


ELECTRICAL CHARACTERISTICS: Vs^ = +5V, Vs" = OV, GND = OV, unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

+25°C 

Typ 

Max 

0°Cto 
+70°C 
Min 1 Max 

-25°C 
+85°C 
Min |Max 

-55°C to 
+125°C 
Min 1 Max 

Unit 

Switches 

Vs.Vd 

Analog Input Signal 
Range 


0 

— 

5 

0 

5 

0 

5 

0 

5 

V 

rDS{ON) 

Drain Source 

On Resistance 

Is = 1 mA, Switch On 


105 

195 

— 

240 


240 

— 

260 

n 

IS(OFF) 

Source Off Leakage 
Current 

Vs = 0.5V-4.5V, 

Vd = 4.5V-0.5V, Switch Off 

— 

0.01 

1 

— 

100 

— 

100 

— 

120 

nA 

Id(off) 

Drain Off Leakage 
Current 

Vs = 0.5V-4.5V. 

Vd = 4.5V-0.5V, Switch Off 

— 

0.01 

1 

— 

100 

— 

100 

— 

120 

nA 

Id(on) 

Drain On Leakage 
Current 

Vd = Vs = 0.5V-4.5V, 

Switch Off 

— 

0.02 

1 

— 

200 

— 

200 

— 

230 

nA 


12-46 


















MICROPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 


TC441 

TC442 

TC443 


ELECTRICAL CHARACTERISTICS: Vs'^ = +5V, Vs“ =-5V, GND = OV, unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

-1 

+25°C 

1 Typ 1 Max 

O^Cto 
+70°C 
Min 1 Max 

-25X 
+85<='C 
Min 1 Max 

~55°C to 
+125°C 
Min |Max 

Unit 

Switches 

Vs. Vd 

Analog Input Signal 
Range 


-5 

1 

-•-5 

-5 

+5 

-5 

+5 

-5 

+5 

V 

rDS(ON) 

Drain Source 

On Resistance 

Vd = ±3.5V, Switch On, 

Is = 1 mA 

— 

95 

175 

— 

230 

— 

230 

— 

250 

n 

IS(OFF) 

Source Off Leakage 
Current 

Vs = ±4.5V, Vd = +4.5V, 
Switch Off 

— 

0.01 

1 

— 

100 

— 

100 

— 

120 

nA 

Id(off) 

Drain Off Leakage 
Current 

Vs = ±4.5V, Vd = +4.5V, 
Switch Off 

— 

0.01 j 

1 


100 

— 

100 

— 

120 

nA 

Id(on) 

Drain On Leakage 
Current 

Vd = Vs = ±4.5V, 

Switch On 

_1 

0.02 

1 

— 

200 


200 

— 

230 

nA 

Digital 

V|NH 

Input High Voltage 
(Logic "1") 


— 

1.5 


— 

2.4 


2.4 

— 

2.4 

V 

V|NL 

Input Low Voltage 
(Logic "O") 


0.8 

1.5 


0.8 

— 

0.8 

— 

0.8 

— 

V 

IlNH 

Input Current With 

Input High Voltage 

Vdigital = 5V 

— 

0.001 

1 

— 

10 

— 

10 

— 

12 


l|NL 

Input Current With 

Input Low Voltage 

Vdigital = OV 

_i 

0.001 

_1 

1 

— 

10 

— 

10 

— 

12 

^iA 

Dynamic 

tww 

Write Pulse Width 

See Timing Diagram 

_ 

1 

250 

— 

325 

— 

325 


375 

ns 

tosw 

Data Setup Time 

See Timing Diagram 

— 

— 

250 

— 

325 

— 

325 

— 

375 

ns 

tOHW 

Data Hold Time 

See Timing Diagram 



50 

— 

50 

— 

50 

— 

50 

ns 

toN 

Turn-On Time 

See Switch Time 

Test Circuit 


250 

500 

— 

650 

— 

650 

— 

750 

ns 

toFF 

Turn-Off Time 

See Switch Time 

Test Circuit 

_ 

185 

350 

— 

450 

— 

450 

— 

550 

ns 

Qinj 

Charge Injection 

Cl = 1 nF, Vqen = OV, 

Rgen = on 


5 

— 

— 

— 

— 

— 

— 

— 

pc 

Cs(OFF) 

Source-Off 

Capacitance 

Vd = Vs = 0V,f= 100 kHz 

— 

8 1 

— 

— 

— 

— 

— 

— 

— 

pF 

Cd(OFF) 

Drain-Off Capacitance 

Vd = Vs = 0V,f = 100 kHz 

— 

8 * 

— 

__ 


— 

— 

— 

— 

pF 

Cc(ON) 

Channel-On 
Capacitance 
(Except TC444 

VD = Vs = 0V,f = 100 kHz 


23 ' 







1 

pF 

OIRR 

Off Isolation 

f = 100 kHz, Rl= looon 

— 

65 

— 

— 

— 

— 

— 

— 

— 

dB 

CCRR 

Cross-Talk Rejection 

f = 100 kHz, Rl= 1000W 

— 

70 

— 

— 

— 

— 

— 

— 


dB 

Power Supply 

Is-" 

Positive Supply Current 

Vdigital = 5V 

— 

275 

500 

— 

700 

— 

700 

— 

750 

pA 

Is" 

Negative Supply 

Current 

Vdigital = 5V 


0.01 

10 

— 

10 

— 

10 

— 

12 

pA 

Supply Operating Range 


Vs'" to Vs" and Vs"" to GND 

3 

1 ~ 

16 

3 

16 

3 

Re 

r3 

16 

V 
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MICROPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 


TC441 

TC442 

TC443 


TYPICAL CHARACTERISTIC CURVES 

Crosstalk & Feedthrough Turn-On/Turn-Off Time On Resistance 

vs. Frequency vs. Temperature vs. Temperature 



100k 1M 10M -55-35-IS 5 25 45 65 85 105 125 -55 -35-15 5 25 45 65 85 105 125 

FREQUENCY (Hz) TEMPERATURE (“C) TEMPERATURE (°C) 


On Resistance BONDING DIAGRAM 
















MICROPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 


TEST CIRCUITS 


TC44 

TC44 

TC44 


LOGIC INPUT Ir, tp = < 20 ns 
LOGIC "0" = SWITCH ON 


WR Switching Time 

.ZIT 



SWITCH 

INPUT 


SWITCH 

OUTPUT 


Rl > Cl 

soon S "V 200 pF 


NOTE: REPEAT TEST FOR A 2 , A 3 AND A 4 . 


Charge injection 


^gen 




Cl= 1000 pF 


ON \ OFF ION 


Off Isolation 


SIGNAL 

GENERATOR 




Channel-to-Channel Cross Talk 

+5V C = 0.1 pF 


CCRR = 20 Log - 


SIGNAL 

GENERATOR 





NOTES 



^A^TELEDYNE 

COMPONENTS 


TC444 

TC445 

TC446 

TC447 


MICROPROCESSOR COMPATIBLE CMOS ANALOG SWITCHES 


FEATURES 


GENERAL DESCRIPTION 


■ Data Address Latch On-Chip 

■ Low-Power CMOS 

■ Write. 250 ns 

■ Transparent Latch With WR = 0 

■ Write Pulse Operation.<250 ns 

■ Address Hold Time.<50 ns 

■ Dual- or Single-Supply Operation 

■ rDs(ON) (+25°C).<1 75Q Max 

■ Supply Current.300 |iA 

■ Analog Input Equal to Supply 

■ Analog Input Leakage Current.1 nA 

■ TTL/CMOS Compatible 

■ Low-Current Logic Input 


■ Pin Compatible With AD7590 Series 


The TC444, TC445, TC446 and TC447 are CMOS 
analog switches offering low on-resistance at low supply 
voltages. Each provides for transparent (nonlatched) or 
latched addresses, making them ideal for microprocessor 
interface applications. 

This switch family features single- or dual-supply op¬ 
eration, with analog input range equal to supply voltages. 
The CMOS design requires very low supply current. 

The TC444 is configured as two single-pole, three- 
position switches. Either switch can be independently se¬ 
lected (transparent or latched) for its own A or B position. 
(See TC444 Switch Circuit.) 

Also, both switches a re put in the C position (both open) 
by pulling the DISABLE input low. These various switch 
positions can be latched using the WRITE (WR) input. This 
switch is especially useful in multi-path operations requiring 
complete Isolation. 

The T C445 Is co nfigu red as four independent, normally- 
open switches. The WR input Is used to latch the switches 
in any selected mode, or may be held low for transparent 
operation. 

The TC446 has the same features as the TC445, except 
the switches are normally closed. 

The TC447 provides two normally-open and two nor¬ 
mally-closed switches. Its operation is the same as the 
TC445 and TC446. 

The TC444 is pin compatible with the AD7592. The 
TC445/TC446 is pin compatible with the AD7590/AD7591. 


12 


PIN CONFIGURATION 
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TC444 

TC445 

TC446 

TC447 


TC444 SWITCH CIRCUIT 



TC444 TRUTH TABLE (Switch State) 


DISABLE 

An 

WR 

TC444 

0 

X 

X 

All switches open 

1 

0 

0 

S2 to OUT 1 closed 

S4 to OUT 2 closed 

1 

1 

0 

SI to OUT 1 closed 

S3 to OUT 2 closed 

1 

X 

1 

Maintain previous state 


MICROPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 


ORDERING INFORMATION 


Part No. 

Package 

Temperature Range 

TC444 

TC444CPD 

14-Pin Plastic DIP 

o°c to -Fyo^c 

TC444COD 

14-Pin Plastic SO 

0°C to ■f70‘»C 

TC444IJD 

14-Pin CerDIP 

-25‘’Cto +Q5^C 

TC444MJD 

14-Pin CerDIP 

-55‘^C to-i-125°C 

TC445/446/447 

TC44XCPE 

16-Pin Plastic DIP 

0°Cto +70®C 

TC44XCOE 

16-Pin Plastic SO 

O^C to +70®C 

TC44XIJE 

16-Pin CerDIP 

-25°C to -i-85°C 

TC44XMJE 

16-Pin CerDIP 

-55°C to-Fl25‘'C 


X = 5, 6or7 


TC445/446/447 TRUTH TABLE (Switch State) 


An 

WR 

TC445 

TC446 

TC447 

0 

0 

Open 

Closed 

SW1, SW4 open 
SW2, SW3 closed 

1 

0 

Closed 

Open 

SW1,SW4 closed 
SW2, SW3 open 

X 

1 

Maintain previous state 


X = Don't Care 
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MICROPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 


TC444 

TC445 

TC446 

TC447 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltages 

Vs-'toVs" .+18V 

Vs-'toGND.+18V 

Vs" to GND.-18V 

Vs or Vd to Vs-" .0V,-18V 

Vs or Vd to Vs" .OV, +18V 

Vdigital to GND. Vs", Vs"" 

Current* 


Any Pin.20 mA 

S or D, Peak (1 ns, 10% Duty Cycle).70 mA 

Storage Temperature.-65°C to +150°C 


Operating Temperature Range 

Plastic DIP (C).0°C to +70°C 

CerDIP (I).-25°C to +85°C 

CerDIP (M).-55°Cto +125°C 

Package Power Dissipation (Ta = +25°C) 

Plastic DIP (C).375 mW (Notes 1, 2) 

CerDIP (I and M)..500 mW (Notes 1, 3) 

* Input voltages that exceed Vs'^ or Vs" will be clamped by internal 
diodes. Limit current to maximum current ratings. 

NOTES: 1. All pins soldered or welded to PC board. 

2. Derate at 6.5 mW/°C. 

3. Derate at 13 mW/°C above +75°C. 


ELECTRICAL CHARACTERISTICS: Vs^ = +5V, Vs" = OV, GND = OV, unless otherwise indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

+25'=C 

Typ 

Max 

OXto 
+70°C 
Min Max 

-25°C to 
+85°C 
Min Max 

-55°C to 
+125°C 
Min Max 

Unit 

Switches 

Vs, Vd 

Analog Input Signal 
Range 


0 

— 

5 

0 

5 

0 

5 

0 

5 

V 

rDS(ON) 

Drain Source 

On Resistance 

Is = 1 mA, Switch On 

— 

105 

195 

— 

240 

— 

240 

— 

260 

Q 

Is(OFF) 

Source Off Leakage 
Current 

Vs = 0.5V to 4.5V, 

Vd = 4.5 to 0.5V, Switch Off 

— 

0.01 

1 

— 

100 

— 

100 

— 

120 

nA 

Id(OFF) 

Drain Off Leakage 
Current 

Vs = 0.5V to 4.5V, 

Vd = 4.5 to 0.5V, Switch Off 

— 

0.01 

1 

— 

100 

— 

100 

— 

120 

nA 

Id(on) 

Drain On Leakage 
Current 

Vd = Vs = 0.5V to 4.5V, 

Switch Off 

— 

0.02 

1 

— 

200 

— 

200 

— 

230 

nA 


ELECTRICAL CHARACTERISTICS: Vs^ = +5V, Vs" =-5V, GND = OV, unless otherwise Indicated. 


Symbol 

Parameter 

Test Conditions 

Min 

+25‘'C 

Typ 

Max 

OX to 
+70X 
Min Max 

-25°C to 
+85X 
Min Max 

-55X to 
+125X 
Min Max 

Unit 

Switches 

Vs, Vd 

Analog Input Signal 
Range 


-5 

— 

5 

-5 

5 

-5 5 

-5 

5 

V 

rDS(ON) 

Drain Source 

On Resistance 

Vd = ±3.5V, Switch On, 

Is = 1 mA 

— 

95 

175 

— 

230 

— 230 

— 250 

a 

IS(OFF) 

Source Off Leakage 
Current 

Vs = ±4.5V, Vd = +4.5V, 
Switch Off 

— 

0.01 

1 

— 

100 

— 100 

— 

120 

nA 

Id(OFF) 

Drain Off Leakage 
Current 

Vs = ±4.5V, Vd = +4.5V, 
Switch Off 

— 

0.01 

1 

— 

100 

— 100 

— 

120 

nA 

Id(on) 

Drain On Leakage 
Current 

Vd = Vs = +4.5V, 

Switch On 

— 

0.02 

1 

— 

200 

— 200 

— 

230 

nA 

Digital 

V|NH 

Input High Voltage 
(Logic "1") 


— 

1.5 

2.4 

— 

2.4 

— 2.4 

— 

2.4 

V 

ViNL 

Input Low Voltage 
(Logic "0") 


0.8 

1.5 

— 

0.8 

— 

0.8 — 

0.8 

— 

V 
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MICROPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 


TC444 

TC445 

TC446 

TC447 


ELECTRICAL CHARACTERISTICS (Cont.) 








0°Cto 

-25X to 

-55X to 

1- 





+25X 


+70°C 

+85°C 

+125°C 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Max 

Min Max 

Min 

Max 

Unit 

Digital (Cont.) 

•iNH 

Input Current With 

Input High Voltage 

Vdigital = 5V 

— 

0.001 

1 

[ — 10 

— 10 

— 

12 

pA 

l|NL 

Input Current With 

Input Low Voltage 

Vdigital = OV 

— 

0.001 

1 


10 

— 10 

— 

12 

pA 

V|NH 

DISABLE Input 
(TC444) 

Vdigital = 5V 

— 

0.1 

10 

— 

15 

— 15 

— 

17 

pA 

ViNL 

DISABLE Input 
(TC444) 

Vdigital = OV 

— 

5 

10 

— 

15 

— 15 

— 

15 

pA 

Dynamic 

tww 

Write Pulse Width 

See Timing Diagram 

_ 

_ 

250 

_ 

325 

— 325 

_ 

375 

ns 

tosw 

Data Setup Time 

See Timing Diagram 

— 

— 

250 

■— 

325 

— 325 

— 

375 

ns 

tOHW 

Data Hold Time 

See Timing Diagram 

— 

— 

50 

— 

50 

— 50 

— 

50 

ns 

tON 

Turn-On Time 

See Switch Time 

Test Circuit 

— 

250 

500 

— 

650 

— 650 

— 

750 

ns 

tOFF 

Turn-Off Time 

See Switch Time 

Test Circuit 

— 

185 

350 

— 

450 

-- 450 

— 550 

ns 

Qinj 

Charge Injection 

Cl = 1 nF, Vqen = OV, 

Rgen = OO 

— 

5 

— 

— — 

— — 

— — 

pC 

Cs(OFF) 

Source-Off 

Capacitance 

Vd = Vs = 0V,f=100kHz 

— 

8 

— 

— 

— 

— — 

— 

— 

pF 

Cd(OFF) 

Drain-Off 

Capacitance 

VD = Vs = 0V.f=100kHz 

— 

8 

— 

— — 


— — 

pF 

Cc(ON) 

Channel-On 
Capacitance 
(Except TC444) 

Vd = Vs = 0V.f = 100kHz 
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pF 

Cc(ON) 

Channel-On 
Capacitance 
(TC444 Only) 

Vd= Vs = 0V,f=100kHz 


30 






pF 

DIRR 

Off Isolation 

f=100 kHz. Rl = 10000 

— 

65 

— 

— — 

— •— 

— ~ 

dB 

CCRR 

Cross-Talk Rejection 

f = 100 kHz, Rl = 10000 

— 

70 

— 

— — 

— ^ 

— — 

dB 

Power Supply 

Is"^ Positive Supply 

Current 

Vdigital = 5V ' 

— 

275 

500 

— 

700 

— 700 

— 750 

pA 

ls“ 

Negative Supply 
Current 

Vdigital = 5V 

— 

0.01 

10 

— 

10 

— 10 

— 

12 

pA 

Suppiy Operating Range 

Vs^to Vs" and Vs+ to GND 

3 

_ 

16 

3 

16 

3 16 

3 

16 

V 
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CROSS TALK/ 

ON RESISTANCE (O) FEEDTHROUGH (dB) 


MICROPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 


TC444 

TC445 

TC446 

TC447 


TYPICAL CHARACTERISTIC CURVES 


Cross Talk/Feedthrough vs Frequency 



10k 100k 1M 10M 


FREQUENCY (Hz) 


Turn-On/Turn-Off Time vs Temperature 



TEMPERATURE (°C) 


On Resistance vs Input Voltage 



7.5 5.0 2.5 0 -2.5 -5.0 -7.5 

INPUT VOLTAGE (V) 


On Resistance vs Temperature 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE (“C) 
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MICROPROCESSOR COMPATIBLE 
CMOS ANALOG SWITCHES 


TC444 

TC445 

TC446 

TC447 _ 

TEST CIRCUITS 


Switching Time 



SWITCH 

INPUT 



ov -r -sv 


Charge Injection 



yj-L '' '' 

Q = CAV 

OFF 

OIRR Off isolation 

CCRR Channel-to-Channel Cross-Talk 

Vs 

OIRR = 20 Log 


CCRR = 20 Log 

.sv 

0.1 mF o 

0.1 1 


HH 

SIGNAL 

GENERATOR ^ 

v’—J 1 
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^^^TELEDYNE 

COMPONENTS 

TC232* 


DUAL RS-232 TRANSMITTER/RECEIVER AND POWER SUPPLY 


FEATURES 

■ Meets All RS-232C Specifications 

■ Operates From Single 5V Power Supply 


■ 2 Drivers and 2 Receivers 

■ On-Board Voltage Quadrupler 

■ Input Levels.±30V 

■ Output Swing With +5V Supply.±9V 

■ Low Power CMOS.5 mA 


GENERAL DESCRIPTION 

The TC232 is a dual RS-232 transmitter/receiver that 
complies with EIA RS-232C guidelines and is ideal for all 
RS-232C communication links. This device has a 5V power 
supply and two charge pump voltage converters that produce 
±1OV power supplies. 

The TC232 has four level translators. Two are RS-232 
transmitters that convert TTL/CMOS input levels to 9V RS- 
232 outputs. The other two translators are RS-232 receivers 
that convert RS-232 inputs to 5V TTL/CMOS output levels. 
The receivers have a nominal threshold of 1.3V, a typical 
hysteresis of 0.5V, and can operate with up to ±30V Inputs. 


TYPICAL APPLICATION 



1070-1 
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DUAL RS-232 TRANSMITTER/ 
RECEIVER AND POWER SUPPLY 


TC232 


APPLICATIONS 

The TC232 is ideal for ail RS-232C communication links: 
Battery-powered systems, computers, instruments, modems, 
and peripherals. It can run without the 12V power supplies 
other RS-232 devices require. 


ORDERING INFORMATION 


Part No. 

Package 

Temperature 

Range 

TC232CPE 

16-Pin Plastic 

0°C to +70°C 

TC232CJE 

16-Pin CerDIP 

0°C to +70°C 

TC232IJE 

16-Pin CerDIP 

-25“C to +85°C 

TC232EPE 

16-Pln Plastic 

—40°C to +85°C 

TC232IPE 

16-Pin Plastic 

-25°C to -^85°C 

TC232EJE 

16-Pin CerDIP 

-40°C to +85°C 

TC232COE 

16-Pin SO 

0°C to +70°C 

TC232EOE 

16-Pin SO 

-40°C to +85°C 

TC232MJE 

16-Pin CerDIP 

-55°C to +^25°C 


PIN CONFIGURATIONS 


CPE 

CJE 

IJE 

EPE 

IPE 

EJE 

MJE 


cm 

• ^ 

mvcc 

[2 


T|]gnd 

cTU 


lilTloUT 

cJU 


iHRIlN 

CjH 

TC232 

m ^■'ouT 

v-[I 


BItiin 

T2oUT E 


i0|T2|N 

nziN [T 


I]R20UT 


COE 

EOE 


cT 

C2 

C2 


T2oUT 

R2|n 



i^Vcc 

TsJgnd 

iHtiout 

IHRIin 

HI R^OUT 

niTiiN 

1^T2|N 

5]R20UT 


ABSOLUTE MAXIMUM RATINGS 

Vcc. 

V+ . 

V- . 


Input Voltages 

T1in, T2in. 

R1in, R2in . 

Output Voltages 

T1out. T2out. 

RI 0 UT, R2out. 

Short Circuit Duration 

V+ . 

V- . 

TI 0 UT, T2out •••■ 


..+6V 
+12V 
+12V 

.-0.3 to (Vcc +0.3V) 

.±30V 

(V+ -h0.3V) to (V--0.3V) 
.-0.3 to (Vcc +0.3V) 

..30 sec 

.30 sec 

.Continuous 


Power Dissipation 

CerDIP.675 mW 

Derate 9.5 mW/^C Above +70°C 

Plastic DIP.375 mW 

Derate 7 mW/°C Above +70°C 

Small Outline (SO).375 mW 

Derate 7 mW/°C Above +70°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 
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DUAL RS-232 TRANSMITTER/ 
RECEIVER AND POWER SUPPLY 


TC232 


ELECTRICAL CHARACTERISTICS: Vcc = 5V ±10%, Ta = operating temperature range, test circuit unless 

otherwise noted. 


Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Output Voltage Swing 

T1 0UT. T2out Loaded With 

3 koto Ground 

±5 

±9 

±10 

V 

Power Supply Current 


5 

10 

mA 

Input Logic Threshold Low 

T1|n. T2|n 



0.8 

V 

Input Logic Threshold High 

T1in. T2|n 

2 



V 

Logic Pull-Up Current 

T1in. T2in = OV 


15 

200 

pA 

RS-232 Input Voltage Operating Range 

-30 


4-30 

V 

RS-232 Input Threshold Low 

< 

o 

ii 

cn 

< 

0.8 

1.2 


V 

RS-232 Input Threshold High 

< 

o 

II 

on 

< 


1.7 

2.4 

V 

RS-232 Input Hysteresis 

0.2 

0.5 

1 

V 

RS-232 Input Resistance 

Ta = +25°C. Vcc = 5V 

3 

5 

7 

kn 

TTL/CMOS Output Voltage Low 

louT = 3.2 mA 



0.4 

V 

TTL/CMOS Output Voltage High 

louT = "1 rnA 

3.5 



V 

Propagation Delay 

RS-232 to TTL or TTL to RS-232 


0.5 


ps 

Instantaneous Slew Rate 

Cl = 10 pF, Rl = 3 kQ to 7 kn, 

Ta = -^25'’C (Note1) 



30 

V/ps 

Transition Region Slew Rate 

Rl = 3 kQ, Cl = 2500 pF 

Measured From -f-3V to -3V 
or-3Vto-»-3V 


3 


V/ps 

Output Resistance 

Vcc = V+ = V- = OV, Vout = ±2V 

300 



n 

RS-232 Output 

Short-Circuit Current 

_I 

±10 

_1 


mA 


NOTE 1. Sample tested. 


DETAILED DESCRIPTION 

The TC232 contains a +5V to ±10V dual charge pump 
voltage converter, a dual transmitter and a dual receiver. 

+5V to ±10V Dual Charge Pump 
Voltage Converter 

The TC232 power supply consists of two charge pumps. 
One uses external capacitor Cl to double the +5V input to 
+10V, with output impedance of about 200^2. The other 
uses C2 to invert +10V to -10V, with overall output 
impedance of 450^2 (including effects of +5V to +10V 
doubler impedance). 

The clock In the doubler circuit will start at ~4.2V in the 
typical part, but external loads may make this point rise to as 
high as 4.5V with a load of 2 kI2 on each of the two output 
voltages. 

Because of this, use of the doubler and inverter to run 
external circuits should be limited. The maximum current 
should be no more than 2.5 mA from the +1OV and -1OV In 
order to guarantee start-up of the doubler clock. 


V+, V“ Output Voltages vs Load Current 


o 

< 


I- 

D 

QL 

I- 

o 



0 123456789 10 


* * LOAD * 
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DUAL RS-232 TRANSMITTER/ 
RECEIVER AND POWER SUPPLY 


TC232 


The test circuit employs 22 pF capacitors for C1 to C4, 
but the value is not critical. These capacitors usually are low- 
cost aluminum electrolytic capacitors, or polyester if size is 
critical. 

Increasing C1 and C2 to 47 pF lowers the output 
impedance of the +1OV doubler and the -1OV inverter by 
the change in the ESR of the capacitors. 

Increasing C3 and C4 lowers ripple on the±1 OV voltage 
outputs and 16 kHz ripple on the RS-232 outputs. Where 
size is critical, the value of C1 to C4 can be lowered to 
1 pF. The use of a low ESR-value capacitor will help lower 
the output ripple and keep the output impedance of the 
±1 OV as low as possible. 

Dual Transmitter 

TC232 transmitters are CMOS inverters driven by ±1 OV 
internally-generated voltages. The input is TTIVCMOS 
compatible, with a logic threshold of about 26% of Vcc 
(1.3V for 5V Vcc)- The input of an unused transmitter can 
be left unconnected. An internal 400 kQ pull-up resistor 
connected between the transmitter input and Vcc pulls the 
input high and forces the unused transmitter output to the 
low state. 


With Vcc at 5V, the outputs will go from (V'*'-0.6V) to V~ 
with no load and will swing ±9V when loaded with 3 kQ. The 
minimum output voltage swing, with Vcc at 4.5V and at 
maximum ambient temperature, is ±5V. This conforms to 
RS-232 specifications for "worst-case" conditions. 

EIA RS-232C specs limit the slew rate at output to 
less than 30V/ps. 

The powered-down output impedance (Vcc = OV) is a 
minimum of 300Q with ±2V applied to outputs. 

The outputs are short-circuit-protected and can be short- 
circuited to ground indefinitely. 

Dual Receiver 

TC232 receivers meet RS-232C input specifications. 
Input impedance is between 3 kD. and 7 kQ. Switching 
thresholds are within the ±3V limits, and the receivers 
withstand up to ±30V inputs. RS-232 and TTLyCMOS input 
compatible, the receivers have 0.8V V|l and 2.4V V|h with 
0.5V hysteresis to reject noise. 

The TTLVCMOS compatible receiver output is low when 
RS-232 input is greater than 2.4V. It is high when input is 
floating or between +0.8V and -30V. 


TEST CIRCUIT 


TC232 


+4.5V TO -i-S.SV 
INPUT 



±30V 
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2N7000 

2N7002 


^^^^TELEDYNE 

COMPONENTS 


N-CHANNEL ENHANCEMENT-MODE DMOS POWER FETS 


FEATURES 

■ High Gate Oxide Breakdown, ±40V min. 

■ Low Output and Transfer Capacitances 

■ Extended Safe Operating Area 

APPLICATIONS 

■ High-Speed Pulse Amplifiers 

■ Logic Buffers 

■ Line Drivers 

■ Solid-State Relays 

■ Motor Controls 

■ Power Supplies 


ORDERING INFORMATION 


Part No. 

Package 

Description 

2N7000 

TO-226AA (TO-92) 
Plastic Package 

60V, 5£2 

2N7002 

SOT-23 Package 

60V, 50 


ABSOLUTE MAXIMUM RATINGS 

(Ta - +25°C unless othen^/ise noted) (TO-92 Package) 


Drain-Source Voltage.+60V 

Drain-Gate Voltage (Vqs = 0).+60V 

Gate-Source Voltage.±40V 

Continuous Drain Current 

Ta = 25°C.0.21 A 

Tc = 25'^C.0.32A 

Peak Pulsed Drain Current.0.79A 

Continuous Device Dissipation.530mW 

Linear Derating Factor. 4.3mW/°C 

Pulsed Device Dissipation.3.125W 

Linear Derating Factor.25mW/°C 

Operating Junction 

Temperature Range.-55 to +150°C 

Storage Temperature Range.-55 to +150°C 

Lead Temperature (1/16" from 

mounting surface for 30 sec).+260°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
Indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


SCHEMATIC DIAGRAM 



PIN CONFIGURATIONS 
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N-CHANNEL ENHANCEMENT-MODE 
DMOS POWER FETS 


2N7000 

2N7002 


ELECTRICAL CHARACTERISTICS: (Tc = +25°C unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Static 

BVdss 

Drain-Source Breakdown Voltage 

Id = 10pA, Vqs = 0 

60 

100 


V 

VGS(th) 

Gate-Source Threshold Voltage 

Id = 1.0mA, Vds = Vqs 

0.8 

1.9 

3.0 

V 

Igbs 

Gate-Body Source Leakage Current 

Vqs = it 5V, Vds = 0 

— 

±1.0 

±10 

nA 

loss 

Drain-Source OFF 

Vds = 48V, Vqs = 0 


0.1 

1.0 

pA 


Leakage Current 

Vds = 48V, Vqs = 0 

Tc =+125^0 


.01 

1.0 

mA 

iD(on) 

ON Drain Current 

Vds= 10V, Vgs = 4.5V(') 

75 

— 1 

— 

mA 

VDS(on) 

Drain-Source ON Voltage 

Vgs = 4.5V. lD = 75mA(^) 

Vqs = 10V, Id = 0.5A(i) 

_ 

1.5 

0.4 

2.5 

V 

rDS(on) 

Drain-Source ON Resistance 

Vqs= 10V, Id = 0.5A(1) 

— 

3.0 

5.0 

n 


Vgs=10V, Id = 0.5A('') 

Tc =+125^0 


4.7 

9.0 

Q 


Dynamic 

gts 

Common-Source Forward Transcond 

Vds = 10V, Id = 0.2A 
f=1KHz(i) 

100 

360 

— 

mmhos 

Cjss 

Common-Source Input Capacitance 

Vds = 25V, Vgs = 0 
f=1MHz 

— 

47 

60 

PF 

Crss 

Common-Source Reverse 

Vds = 25V, Vgs = 0 

— 

3.0 

5.0 

PF 


T ransfer Capacitance 

f=1MHz 





Coss 

Common-Source Output Capacitance 

Vds = 25V, Vgs = 0 
f=1MHz 

— 

15 

25 

pF 

ton 

Turn-On Time 

Rg = 25Q, Rl = 250 
VDD=15V,VG(on)=10V 

— 

5.0 

10 

nSec 

toff 

Turn-Off Time 

RG = 25a, Rl = 250 

Vdd = 1 5V, VG(on) = 10V 

— 

6.0 

10 

nSec 


Note: 1. Pulse Test 80^ Sec, 1% Duty Cycle 



^^^TELEDYNE 

COMPONENTS 


BS170 


N’CHANNEL ENHANCEMENT-MODE DMOS POWER FET 

FEATURES ABSOLUTE MAXIMUM RATINGS 

■ Reliable, low cost, plastic package (TC =+25»C unless otherwise specified) 


■ European TO-92 pin-out Drain-Source Voltage.60V 

■ Low capacitance Drain-Gate Voltage (Rqs 1MI2).60V 

Gate-Source Voltage.±30V 

APPLICATIONS Continuous Drain Current 

■ High-Speed Pulse Amplifiers = +100°C.0.21 A 

■ Logic Buffers = +25°C.0.32A 

■ Line Drivers Peak Pulsed Drain Current.1.0A 

Maximum Power Dissipation 

ORDERING INFORMATION Tc = +loo°C.0.9 

- Tc = +25°C.2.25 

Part No. Package Description Linear Derating Factor 

BS170 TO-92 Plastic 60V. 5a Junction to Ambient.4.3mW/°C 

- Junction to Case.18mW/°C 

Operating Junction and 

StorageTemperature Range.-55°C to +150°C 

Lead Temperature (1/6" from 

mounting surface for 30 sec).-i-260°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


SCHEMATIC DIAGRAM 



PIN CONFIGURATIONS 
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N-CHANNEL ENHANCEMENT-MODE 
DMOS POWER FET 


BS170 


ELECTRICAL CHARACTERISTICS: (Tc = +25''C unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Static 

BVdss 

Drain-Source Breakdown Voltage 

Id = 100)i.A, Vgs = 0 

60 

100 

— 

V 

VGS(th) 

Gate-Source Threshold Voltage 

Vds = Vgs, b = 1 

0.8 

2.1 

3.0 

V 

Igssf 

Gate Body Forward Leakage Current 

Vgs = 20V, Vps = 0 

— 

.03 

10 

nA 

Igssr 

Gate Body Reverse Leakage Current 

Vgs = —20V, Vds = 0 


-.06 

-10 

fa 

loss 

Drain-Source OFF Leakage Current 

Vds = 25V, Vqs = 0 

— 

— 

0.5 

pA 



Vds = 25V, Vqs = 0 

Tc =+125^0 



500 

pA 

Id(on) 

ON Drain Current^^) 

Vds = 10V, Vqs = 1 OV 

0.3 

— 

— 

A 

rDS(ON) 

Drain-Source ON Resistance^^^ 

Vgs = 10V, Id = 200mA 

~ 

2.8 

5.0 

a 


Tc = +125®C 

— 

— 

9.0 


Dynamic 

9fs 

Common-Source Forward Transcond^"'^ 

Vds = 10V, b = 0.2A 
f=lKHz 

100 

300 

— 

mmhos 

Cjss 

Common-Source Input Capacitance 

Vds = 25V, Vqs = 0 
f=lMHz 

— 

47 

60 

PF 

Crss 

Common-Source Reverse 

Transfer Capacitance 

Vds = 25V, Vqs = 0 
f=lMHz 

— 

3.0 

5.0 

PF 

Coss 

Common-Source Output Capacitance 

Vds = 25V, Vqs = 0 
f=lMHz 


15 

25 

pF 

ton 

Turn-On Time 

Vdd = 25V, Vg(on) = IOV 

Rl = 23Q, Rg = 51Q 

— 

— 

10 

nSec 

toff 

Turn-Off Time 

Vdd = 25V, Vg(on) = 10V 

RL = 23a RG = 5ia 

— 

— 

10 

nSec 


NOTE: 1. Pulse test 80|j. Sec, 1% duty cycle 

SWITCHING TIMES TEST CIRCUIT TEST WAVEFORMS 
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COMPONENTS 

SD1106 


N-CHANNEL ENHANCEMENT-MODE DMOS POWER FETS 


FEATURES 

■ Inherent Current Sharing Capability when 
Parralleled 

■ Simple Straight-Forward DC Biasing 

■ Extended Safe Operating Area 

■ Inherently Temperature Stable— 

Output Current Decreases as Temperature 
increases 

APPLICATIONS 

■ High-Speed Pulse Amplifiers 

■ Logic Buffers 

■ Line Drivers 

■ Solid-State Relays 


ORDERING INFORMATION 


Part No. 

Package 

Description 

SD1106DD 

TO-206AA (TO-18) 
Package 

60V min 


ABSOLUTE MAXIMUM RATINGS 

(Tc = +25®C unless otherwise noted) 


Drain-Source Voltage..60V 

Drain-Gate Voltage (Rqs = 1MQ).60V 

Gate-Source Voltage.±40V 

Continuous Drain Current 

Tc = +100°C.0.21 A 

Tc = +25X.0.34A 

Peak Pulsed Current.2.0A 

Continuous Device Dissipation 

Tc = +100^C.0.4W 

Tc = +25°C.1.0W 

Linear Derating Factor 

Tc = +100°C.5.3mW/°C 

Tc = +25°C.8.0mW/°C 

Operating Junction and Storage 

Temperature Range.-55®C to +150°C 

Lead Temperature (1/16" from 

mounting surface for 10 sec). -f260X 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings' may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


SCHEMATIC DIAGRAM PIN CONFIGURATION 
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N-CHANNEL ENHANCEMENT-MODE 
DMOS POWER FETS 


SD1106 


ELECTRICAL CHARACTERISTICS: (Ta = +25°C unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Static 

BVdss 

Drain-Source Breakdown Voltage 

Id = tOOjiA, Vqs = 0 

60 

— 

— 

V 

VGS(th) 

Gate-Source Threshold Voltage 

Vds = Vqs, Id = "I nriA 

0.8 

— 

2.5 

V 

Iqbs 

Gate-Body Source Leakage Current 

Vqs = 20V, Vds = 0 

— 

.03 

10 

nA 

loss 

Drain-Source OFF Leakage Current 

Vds = 40V, Vqs = 0 

— 

.01 

10 

pA 

iD(on) 

ON Drain Current 

Vds = 25V11), Vqs = 5V 

Vds = 25V('), Vqs = 10V 

0.25 

0.50 

— 

— 

A 

VDS{on) 

Drain-Source ON Voltage 

Vgs=10V, Id = 0.5A(1) 

— 

1.8 

2.5 

V 

Dynamic 

9fs 

Common-Source Forward Transcend. 

Vds=15V, Id = 0.5A 
f = 1KHz(') 

100 

270 

. 

mmhos 

Cjss 

Common-Source Input Capacitance 

Vds = 25V, Vqs = 0 
f=1MHz 


115 

150 

pF 

Crss 

Common-Source Reverse 

Transfer Capacitance 

Vds = 25V, Vgs = 0 
f=lMHz 

— 

4 

7 

PF 

Cqss 

Common-Source Output Capacitance 

Vds = 25V, Vgs = 0 
f = lMHz 

— 

20 

35 

pF 

ton 

Turn-On Time 

Vdd = 25V, Rl = 25Q 
Rq=510, VG(on) = 10V 

— 

4.0 

6.0 

nSec 

toff 

Turn-Off Time 

Vdd = 25V, Rl = 250 
RQ=5in, VG(on)=10V 

— 

4.0 

6.0 

nSec 


NOTE: 1. Pulse Test BOjiSec, 1% Duty Cycle 


VdD 




4358 ILL F03 
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COMPONENTS sd210 sd213 

SD211 SD214 

SD212 SD215 


N-CHANNEL ENHANCEMENT-MODE DMOS FET SWITCHES 


FEATURES 

■ High Input to Output Isolation—120dB typical 

■ Low feedthrough and feedback transients 

■ Low Inter-electrode Capacitances 

APPLICATIONS 

■ +30V Switch Drivers—SD210, SD211 

■ ±10V Analog Switches—SD214, SD215 

■ ±5V Analog Switches—SD212, SD213 


ORDERING INFORMATION 


Part No. 

Package 

Description 

SD210DE 

TO-206AF (TO-72) 

10V, 7 on 

SD210DE/R 

Shorting Rings 

10V, 7 on 

SD211DE 

TO-206AF (TO-72) 

10V, 70Q 

SD211DE/R 

Shorting Rings 

10V, 7 oa 

SD212DE 

TO-206AF (TO-72) 

10V, 7on 

SD212DE/R 

Shorting Rings 

10V, 7on 

SD213DE 

TO-206AF (TO-72) 

10V, 7 oa 

SD213DE/R 

Shorting Rings 

10V, 700 

SD214DE 

TO-206AF (TO-72) 

20V, 70a 

SD214DE/R 

Shorting Rings 

20V, 700 

SD215DE 

TO-206AF (TO-72) 

20V, 700 

SD215DE/R 

Shorting Rings 

20V, 700 


ABSOLUTE MAXIMUM RATINGS 



SD210 

SD211 

SD212 

SD213 

SD214 

1 

SD215 

Unit 

Vds 

+30 

-1-30 

+10 

+10 

+20 

+20 

Vdc 

VsD 

+10 

+^0 

+10 

+10 

+20 

+20 

Vdc 

Vdb 

-1-30 

+30 

+15 

+15 

+25 

+25 

Vdc 

VsB 

+^5 

+^5 

+15 

+15 

+25 

+25 

Vdc 

Vgs 

±40 i 

-15 

±40 

-15 

±40 

-25 

Vdc 

1 


+25 


+25 


+30 

Vdc 

Vgb 

±40 

-0.3 

±40 

-0.3 

±40 

-0.3 

Vdc 



+25 


+25 


+30 

Vdc 

Vgd 

±40 

-30 

±40 

-15 

±40 

-25 

Vdc 

j 


+25 


+25 


+30 

Vdc 


Id Continuous Drain Current.50mA 

Pt Power Dissipation (at or below Tc = +25°C) .1.2W 

Linear Derating Factor.12mW/°C 

Pd Power Dissipation (at or below Ta = +25°C) ...300mW 

Linear Derating Factor.3.0mW/°C 

Tj Operating Junction 

Temperature Range.-55 to +125°C 

Ts Storage Temperature Range.-65 to +175°C 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions forextended periods may 
affect device reliability. 


SCHEMATIC DIAGRAM 
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N-CHANNEL ENHANCEMENT<MODE 
DMOS FET SWITCHES 

SD210 SD213 

SD211 SD214 

SD212 SD215 


ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise noted.) 




SD210, SD211 

SD212, SD213 

SD214,SD215 


Symbol Parameter 

Test Conditions 

Min 

CL 

Max 

Min 1 Typ 

Max 

Min 

Typ 

Max 

Unit 


Static 


BVds 

Drain-Source 
Breakdown Voltage 

Id = 10|iA, Vqs = Vbs = 0 

30 

35 

— 

— 

1 

— 


— 

_ 

V 

BVds 

Drain-Source 

Id = 10nA, Vqs = Vbs = —SV 

10 

25 

— 

10 

25 

— 

20 

25 


V 


Breakdown Voltage 












BVsd 

Source-Drain 

ls= lOnA 

10 

— 

— 

10 

_ 

— 

20 

— 

1- 

V 


Breakdown Voltage 

Vgd = Vbd = ~5V 











BVdb 

Drain-Substrate 

Id - lOnA, Vqb =0 

15 

— 

— 

15 

— 

— 

25 

— 

_ 

V 


Breakdown Voltage 

Source OPEN 











BVsb 

Source-Substrate 

Is = 10 ^lA, Vqb = 0 

15 

— 

— 

15 

— 

— 

25 

— 

— 

V 


Breakdown Voltage 

Drain OPEN 











Id(off) 

Drain-Source 

Vds = "1OV, Vqs = Vbs = ~5V 

— 

_ 

10 

— 

__ 

10 

— 

— 


nA 


OFF Current 

Vds = 20V, Vqs = Vbs = -5V 

__ 

— 

— 

— 

— 

— 

— 

— 

10 


Is(OFF) 

Source-Drain 

VsD = 10V, Vgd = Vbd = “5V 

— 

— 

10 

__ 

-- 

10 

— 


— 

nA 


OFF Current 

VsD = 20V, Vgd = Vbd = “5V 

— 

— 

— 

— 

— 

— 

— 

— 

10 


Igbs 

Gate-Body 

SD210 

Vgb = ±40V, Vdb = VsB = 0 

— 

— 

0.1 

— 

— 

— 

— 

— 

— 

nA 


Source 

SD212 

Vgb = ±40V, Vdb = Vsb = 0 

— 

— 

— 

— 

— 

0.1 

— 

— 

— 

nA 


Leakage 

SD214 

Vgb = ±40V, Vdb = Vsb = 0 

— 

_ 

_ 

— 

_ 

_ 

__ 

— 

0.1 

nA 


Current 

SD211 

Vgb = 25V, Vdb = Vsb = 0 

— 

—■ 

10 

_ 

— 

— 


— 

— 

|xA 



SD213 

Vgb = 25V, Vdb = Vsb = 0 

— 

— 

— 

— 

— 

10 

— 

— 

— 

fa 



SD215 

Vgb = 30V, Vdb = Vsb = 0 

— 

— 

— 

— 

— 1 

— 

— 

— 

10 

fa 

VGS(th) 

Gate Threshold 

Vds = Vgs. Id = 1^A, 

0.5 

1.0 

2.0 

0.1 

-1 

2.0 

0.1 

1.0 

2.0 

V 


Voltage 


> 

o 

II 

CD 











l'DS(on) 

Drain-Source 

Vgs = 5V, Id = 1mA, 

— i 

50 

70 

— 

50 

70 

— 

50 

70 

Q 


ON Resistance 

03 

li 

o 

< 

j 













Vgs = 10V, Id = 1 mA, 

— 

30 

45 

— 

30 

45 

— 

30 

45 





> 

o 

II 

CQ 












Dynamic 


Qfs 

Common-Source 

Forward 

Transcond. 

Vds = 10V, Id = 20mA, 
f=lKHz, VsB = 0 

10 

12 


10 

12 


10 

12 


mmhos 

C(gs+gd+gb) 

Gate Node 
Capacitance 

Vds = 10V, Vgs = Vbs = -15V, 
f=1 MHz 

— 

2.4 

3.5 

— 

2.4 

3.5 

— 

2.4 

3.5 

PF 

C(gd+db) 

Drain Node 
Capacitance 

Vds = t OV, Vgs = Vbs = -15V, 
f=1 MHz 

— 

1.3 

1.5 

— 

1.3 

1.5 

— 

1.3 

1.5 

pF 

C(gs+sb) 

Source Node 
Capacitance 

Vds = 10V, Vgs = Vbs = ”15V, 
f=1MHz 

— 

3.5 

4.0 


3.5 

4.0 

— 

3.5 

4.0 

PF 

l^(dg) 

Reverse Transfer 
Capacitance 

Vds = 10V, Vgs = Vbs = -15V, 
f=1MHz 

— 

0.3 

0.5 

— 

0.3 

0.5 

— 

0.3 

0.5 

pF 

tD(on) 

Turn ON Delay 

Time 

Vdd = 5V, VG(on) = 10V, 
RL=680n, RG = 5in 

— 

0.7 

1.0 

— 

0.7 

1.0 

— 

0.7 

1.0 

nSec 

tR 

Rise Time 

Vdd = 5V, VG(on) = 10V, 

Rl = 680C[, RG = 5in 

i 

0,8 

1.0 

— 

0.8 

1.0 

— 

0.8 

1.0 

nSec 

toff 

Turn OFF Time 

Vdd = 5V, VG(on) = 10V, 
RL=680a, RG = 5ia 

— 

10 

— 

— 

10 

— 

— 

10 

— 

nSec 
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SD211A 

SD215A 


^^N^TELEDYNE 

COMPONENTS 


N<CHANNEL ENHANCEMENT-MODE DMOS FET SWITCHES 


FEATURES 

■ High Input to Output Isolation—120dB typical 

■ Low feedthrough and feedback transients 

■ Low inter-electrode Capacitances 

■ Low Gamma Process 

■ On Resistance Guaranteed in Analog Switch 
Configuration 

APPLICATIONS 

■ +30V Switch Driver—SD211A 

■ ±1OV Analog Switch—SD215A 

■ ±5V Analog Switch—SD211A 


ORDERING INFORMATION 


Part No. 

Package 

Description 

SD211ADE 

TO-206AF 
(TO-72) Package 

BVsd 10V (min.) 

SD211ADE/R 

Shorting Rings 

BVsd lOV (min.) 

SD215ADE 

TO-206AF 
(TO-72) Package 

BVsd 20V (min.) 

SD215ADE/R 

Shorting Rings 

BVsd 20V (min.) 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

SD211A 

SD215A 

Units 

Vds 

+30 

+20 

V 

VsD 

+W 

+20 

V 

Vdb 

+30 

+25 

V 

VsB 

+^5 

+25 

V 

Vgs 

-15 

-25 

V 


-1-25 

+30 

V 

Vgb 

-0.3 

-0.3 

V 


+25 

+30 

V 

Vgd 

-30 

-25 

V 


-1-25 

+30 

V 


Id Continuous Drain Current.50mA 

Pj Power Dissipation @ or below 

Tc = +25°C).1.2W 

Linear Derating Factor.12mW/°C 

Pd Power Dissipation @ or below 

Ta = +25°C. 300mW 

Linear Derating Factor.3.0mW/°C 

Tj Operating Junction 

Temperature Range.-55°C to +125°C 

Ts Storage Temperature 

Range.-65°C to +175°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


SCHEMATIC DIAGRAM 
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N-CHANNEL ENHANCEMENT-MODE 
DMOS FET SWITCHES 


SD211A 

SD215A 


ELECTRICAL CHARACTERISTICS: (Ta = +25''C unless otherwise noted) 





1 SD211A 

I SD215A I 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 


Static 


BVds 

Drain-Source 
Breakdown Voltage 

Id=10^A, 

Vqs = Vbs = 0 

30 

35 


— 

— 

— 

V 



ID = 1 On A, 

Vgs = Vbs = -5V 

10 

25 

— 

20 

25 

— 


BVsd 

Source-Drain 

ls= lOnA, 

10 

_ 

— 

20 

— 

— 

V 


Breakdown Voltage 

ti 

o 

II 

D 

CD 

> 








BVdb 

Drain-Substrate 
Breakdown Voltage 

Id = 10jiA, Vqb = 0 

Source OPEN 

15 


— 

25 

— 

— 

V 

BVsb 

Source-Substrate 
Breakdown Voltage 

Is = 10^iA, Vqb = 0 

Drain OPEN 

15 

1 __ 

— 

25 

— 

— 

V 

iD(off) 

Drain-Source 

Off Current 

Vds = 10V, 

Vgs = Vbs = -5V 

— 


10 

— 

— 

— 

nA 



Vos = 20V, 

Vgs = Vbs = -SV 

— 

— 

— 

— 

— 

10 


Is(off) 

Source-Drain 

Off Current 

VsD = 10V, 

Vgd = Vbd = -5V 

— 

— 

10 

— 

— 

— 

nA 



VsD = 20V, 

Vgd = Vbd = -5V 






10 


Iqbs 

Gate-Body Source 
Leakage Current 

Vgb = 25V. 

Vqb = VsB = 0 

— 

— 

10 

— 

_ 

_____ j 

tiA 



Vgb =30V. 

Vdb=Vsb = 0 

_ 

_ 

_ 

_ 


10 


VGS(th) 

Gate Threshold 

Voltage 

< 

q 

II 

_Q 

W 

-S’ 

> O 

II II 
CO CQ 

0.75 

1.0 

1.5 

0.75 

1.0 

1.5 

V 

•'DS(on) 

Drain-Source 

ON Resistance 

Vgs = 4.5V, lD=1mA 
Vsb=5V 

— 


90 

— 

— 

— 

O 



Vgs = 4.5V, Id = 1mA 

VsB = 10V j 

— 


— 

— 

— 

90 




Vgs = 10V, Id = 1mA i 

VsB -=0 i 

— 

30 

45 


30 

45 



Dynamic 


9fs 

Common-Source 
Forward Transcond. 

Vds = 10V, Id = 20mA 
f=1KHz, VsB=0 

10 

13 

— 

10 

13 

— 

mmhos 

C(gs+gd+gb) 

Gate Node 

Capacitance 

Vds= 10V, f= 1MHz 

Vgs = Vbs = ”15V 

— 

2.4 

3.5 

— 

2.4 

3.5 

PF 

C(gd+db) 

Drain Node 

Capacitance 

Vds = 10V, f = 1MHz 

Vgs = Vbs = -"15V 

— 

1.3 

1.5 

— 

1.3 

1.5 

pF 

C(gs+sb) 

Source Node 
Capacitance 

Vds = 10V, f = 1MHz 

Vgs = Vbs =-ISV 

— 

3.5 

4.0 

— 

3.5 

4.0 

pF 

Cdg 

Reverse Transfer 
Capacitance 

Vds= 10V, f= 1MHz 1 

Vgs = Vbs = —1 5V i 

— 

0.3 

0.5 


0.3 

0.5 

pF 

TD(on) 

Turn ON Delay Time 

Vdd = 5V, VG(on) = 10V, 

Rl = 6800, Rg = 510 

— 

0.7 

1.0 

— 

0.7 

1.0 

nSec 

tr 

Rise Time 

Vdd = 5V, VG(on) = 10V, 

Rl = 680O, Rg = 510 

— 

0.8 

1.0 

— 

0.8 

1.0 

nSec 

toff 

Turn OFF Time 

Vdd = 5V, VG{on) = 10V, 

Rl = 680O, Rg = 510 

— 

10 

— 

— 

10 

— 

nSec 
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^^C^TELEDYNE 

COMPONENTS 


SD304 

SD306 


N-CHANNEL ENHANCEMENT-MODE DUAL GATE DMOS FET 


FEATURES 

■ Normally Off-Enhancement-Mode Operation 

■ Dual Gate with Gate Protective Diodes 

■ Low Feedback Capacitance—Crss .03pF (typ) 

■ Wide Dynamic Range-Remote AGC Capability 

■ High Power Gain—17dB min. @ 500MHz (SD306) 

■ Low Noise—e.OdB max. @ 500MHz (SD306) 

■ Low Cross-Modulation Distortion 

APPLICATIONS 

■ Wide Band (Unneutralized) VHFAJHF Amplifiers 

■ VHF/UHF Linear Mixers 


ORDERING INFORMATION 


Part No. 

Package 

Description 

SD304DE 

TO-206AF 
(TO-72) Package 

25 V, 130 n 

SD306DE 

TO-206AF 
(TO-72) Package 

20V, looa 


ABSOLUTE MAXIMUM RATINGS 


Vds Drain-Source Voltage 

SD304 .-I.25V 

SD306 .-f20V 

Vgib Gate 1-Substrate Voltage 

SD304.-0.3to+10V 

SD306 .-0.3 to -F20V 

Vg 2 B Gate 2-Substrate Voltage 

SD304.-0.3to+15V 

SD306.-0.3 to +20V 

Id Continuous Drain Current (Note 1).50mA 

Pd Continuous Power Dissipation (Note 1) 

Ta = +25°C (Free Air).300mW 

Tc = +25°C (Infinite Heat Sink).1.2W 

Power Derating Factors (Note 1) 

Free Air.3.0mW/°C 

Infinite Heat Sink.12mW/°C 

Top Operating Junction 

Temperature Range.-55 to +125°C 

Tstg Storage Temperature Range.-65 to +175°C 


NOTE: 1. Not applicable to chips. Final value depends mounting 
substrate. 

Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not Implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


SCHEMATIC DIAGRAM 


D 



14 


1119-1 (4357) 


14-11 

















N-CHANNEL ENHANCEMENT-MODE 
DUAL GATE DMOS FET 

SD304 

SD306 


ELECTRICAL CHARACTERISTICS: (Ta = +25°C unless otherwise noted) 





SD304 

SD306 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 


Static 


BVds Drain-Source Id = S^iA, 

Breakdown Voltage Vqis = Vg 2 s = 0 

25 

30 

— 

20 

25 

— 

V 

loss Drain-Source OFF Vds=15V 

Leakage Current Vqis = Vg 2 s = 0 

— 

.01 

1.0 

— 

.01 

1.0 

fA 

Igiss Gate 1 Vgis=5V 

Leakage Current Vg 2 S = Vds = 0 

— 

1.0 

100 

— 

1.0 

100 

nA 

Ig 2 SS Gate 2 Vg 2 S= 10 V, 

Leakage Current Vgis = Vds = 0 i 

— 

1.0 

100 

— 

1.0 

100 

nA 

Vti Gate 1 -Source Vds = Vgis. i 

Threshold Voltage Vg 2 S = 10V, Id = 1|xA 

0.1 

1.0 

2.0 

0.1 

0.5 

1.5 

V 

Vt 2 Gate 2-Source Vgis = 4V, Vps = Vg 2 S 

Threshold Voltage Id=1|aA 

0.1 

1.0 

2.0 

— 

— 

— 

V 

Vgis = 5V, Vds = Vg2S 
Id=1fA i 

— 

— 

— 

0.1 

0.5 

1.5 

V 

i'DS(on) Drain-Source Id = 1 mA, Vgis = 5V 

ON Resistance Vg2S=10V 

— 

90 

130 

— 

65 

100 

n 


Dynamic 


Ofs 

Common-Source 

Forward Transcond. 

Vds = 15V, Id= 18mA 
VG2S=10V,f=:lKHz 

8.0 

10 

— 

13 

15 

— 

mmhos 

Ciss 

Common-Source 

Input Capacitance 

Vds = 15V, Id= 18mA 
Vg 2 S= 10V, f= 1MHz 

— 

2.5 

3.0 

— 

3.3 

3.6 

pF 

Cqss 

Common-Source 

Output Capacitance 

Vds = 15V, Vgis= 0 
Vg 2 S= 10V, F= 1MHz 

— 

1.0 

1.2 

— 

1.0 

1.3 

pF 

Crss 

Common-Source Reverse 
Transfer Capacitance 

Vds = 15V, Vgis = 0 
Vg 2 S= 10V. F= 1MHz 

— 

.03 

— 

— 

.03 

— 

pF 

Re(Yii) 

Input Admittance 

Vds = 15V, ID = 18mA, 
Vg 2 S= 10V, f = 200MHz 

— 

— 

— 

— 

1.11 

— 

mmhos 

lm(Yii) 

Input Admittance 

Vds = 15V. ID = 18mA, 
Vg 2 S= 10V, f = 200MHz 



_ 

— 

4.76 

— 

mmhos 
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N-CHANNEL ENHANCEMENT-MODE 
DUAL GATE DMOS FET 


SD304 

SD306 


ELECTRICAL CHARACTERISTICS: (Ta = +25“C unless otherwise noted) 




-1 

j 

SD304 

SD306 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Re(Y22) 

Output Admittance 

Vqs = 15V, Id = 18mA 
Vg 2 S= 10V, f = 200MHz 

— 

— 

— 

— 

1.05 

— 

mmhos 

IM (Y22) 

Output Admittance 

Vds= 15V, Id = 18mA 
Vg 2 S= 10V, f = 200MHz 

— 

— 

— 

— 

1.54 

— 

mmhos 

Re(Y21) 

Forward Transmittance 

Vds= 15V, Id = 18mA 
Vg 2 S= 10V, f = 200MHz 

— 

— 

— 

— 

13.23 

— 

mmhos 

lm(Y21) 

Forward Transmittance 

Vds= 15V, Id = 18mA 
Vg 2 S= 10V, f = 200MHz 

— 

— 

— 

— 

-5.62 

— 

mmhos 

Re (Y12) 

Reverse Transmittance 

Vds= 15V, Id = 18mA 
Vg 2 S= 10V, f = 200MHz 

— 

— 

— 

— ! 

0.01 

— 

mmhos 

lm(Yl2) 

Reverse Transmittance 

Vds= 15V, Id = 18mA 

Vg 2 S = 1 OV, f = 200MHz 

— 1 

— 

— 

— 

-0.04 

— 

mmhos 

Gps 

Power Gain 

f = 500MHz, Id = 18mA 

Vds = 15V, Vg2S = 10V 

13 ! 

16 

— 


— 

— 

dB 



f = 200MHz, Id = 18mA 

Vds = 15V, Vg2S = 10V 

— 

— 

“ j 

^1 

20 

— 


NF 

Noise Figure 

f = 500MHz, Id = 18mA 

Vds = 15V, Vg2s = 10V 

— 

5.0 

6.0 

— 


— 

dB 



f = 200MHz, Id= 18ma 

Vds = 15V, Vg2S = 10V 

— 

— 

— 

— 

1.5 

2.5 


AGC(Vg2s) 

Range of Automatic 

Gain Control 

Vgis = 3.5V, f = 500MHz 
Vds = 15V, 

Vg 2 S = 10V to OV 


40 





dB 



Vgis = 2.5V, f = 200MHz 
Vds = 15V, 

Vg 2 S = 10V to OV 





50 



Eint 

Interfering Signal at Gate 
for 1% Cross-Modulation 
Distortion (Peak Voltage 

fo = 500MHz, Id = 18mA 
Vds = 1 5V, Vg2S = 10V 
f = 501 MHz 


200 





mV 


ref. to 50 ohm system) 

fo = 200MHz, Id= 18mA 
Vds = 15V, Vg 2S=10V 
f= 196MHz 





480 



Gpsc 

Conversion 

Power Gain (b = 8mA) 

Vds = 1 5V, Vgis = Vg2S 
f = 200MHz 
f = 245MHz 




14 

17 


dB 
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NOTES 



SD5000 

SD5001 

SD5002 


^^^^TELEDYNE 

COMPONENTS 


N-CHANNEL ENHANCEMENT-MODE QUAD 
DMOS FET ANALOG SWITCH ARRAYS 


FEATURES 

■ High Input to Output Isolation—120dB typical 

■ Low feedthrough and feedback transients 

■ Low Inter-electrode Capacitances 

APPLICATIONS 

■ ±10V Analog Switches—SD5000 

■ ±5V Analog Switches—SD5001 

■ ±7.5V Analog Switches—SD5002 

■ Sample and Hold 

■ Wide-Band, Dual Differential Amplifiers 

ORDERING INFORMATION 


Part No. 

Package 

Description 

SD5000J 

16-Pin Ceramic Dual In-Line 

20V, 70 n 

SDSD5001J 

16-Pin Ceramic Dual In-Line 

10V, 7oa 

SD5002J 

16-Pin Ceramic Dual In-Line 

15V, 70£2 

SD5000N 

16-Pin Plastic Dual In-Line 

20V, 7 on 

SD5001N 

16-Pin Plastic Dual In-Line 

10V, 7 on 

SD5002N 

16-Pin Plastic Dual In-Line 

15V, 70a 


SCHEMATIC DIAGRAM 



ABSOLUTE MAXIMUM RATINGS 



SD5000 

SD5001 

SD5002 

Unit 

Vds 

+20 

+10 

+15 

Vdc 

VSD 

+20 

+10 

+15 

Vdc 

Vdb 

+25 

+15 

+22.5 

Vdc 

VsB 

+25 

+15 

+22.5 

Vdc 

Vgs 

-25 

-15 

-22.5 

Vdc 


-h30 

+25 

+30 

Vdc 

Vgb 

-0.3 

-0.3 

-0.3 

Vdc 


+30 

+25 

+30 

Vdc 

Vgd 

-25 

-15 

-22.5 

Vdc 


+30 

+25 

+30 

Vdc 


Id 

Continuous Drain Current. 

.50mA 

Pd 

Total Package Power Dissipation 
(at or below Ta = +25°C) . 

.640mW 


Linear Derating Factor. 

.10.67mW/°C 

Pd 

Single Device Power Dissipation 
(at or below Ta = +25°C) . 

.300mW 

Tj 

Operating Junction 

Temperature Range. 

.-55 to +85‘>C 


Storage Temperature Range. 

....-55 to+150°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under “Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


PIN CONFIGURATION 



-- 


Di \T 


JH D 4 

B [Y 


Ys] N/C 

[j2 


ir\ g4 

Sl[Z 


ll] S4 



jE S3 

G2[T 


jU G3 

N/C [Y 


lol N/C 

^2 CH 


jH D3 


4359 ILL F02 


1120-1 (4359) 
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SD5000 

SD5001 

SD5002 


N-CHANNEL ENHANCEMENT-MODE QUAD 
DMOS FET ANALOG SWITCH ARRAYS 


TEST WAVEFORMS SWITCHING TIMES TEST CIRCUIT 




—► h — *cl(on) 

—► *on ^— 

Vout \ 

10% 

-*of1—► 

—Htfall •* - 

td(off) 

^ 90% 

-.Mo% 

4359 ILL F04 
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N-CHANNEL ENHANCEMENT-MODE QUAD 
DMOS FET ANALOG SWITCH ARRAYS 

SD5000 

SD5001 

SD5002 


ELECTRICAL CHARACTERISTICS: (Ta = +25°C per channel, unless otherwise noted.) 





SD5000 

SD5001 

SD5002 


Symbol 

Parameter 

Test Conditions 

Min Typ Max 

Min Typ Max 

Min Typ Max 

Unit 


Static 


BVds 

Drain-Source 
Breakdown Voltage 

Id = 10 nA, Vqs = Vbs = --5V 

20 

. i 

25 

— 

10 

25 

1 

— 

15 

25 

-! 

V 

BVsd 

Source-Drain 

Is = 10 nA 

20 

— 

— 

10 

_ 

— 

15 

— 

— 

V 


Breakdown Voltage 

Vqd = Vbd = ~5V 











BVdb 

Drain-Substrate 

Id = lOnA, Vqb =0 

25 

— 

— 

15 

— 

— 

22.5 

— 

— 

V 


Breakdown Voltage 

Source Open 











BVsb 

Source-Substrate 

Is = 10 fxA, Vqb = 0 

25 

— 

— 

15 


— 

22.5 

— 

— 

V 


Breakdown Voltage 

Drain Open 











iD(off) 

Drain-Source 

Vds = 10V, Vqs = Vbs = ~5V 

— 

— 

— 

— 


10 

— 

— 

— 

nA 


Off Current 

Vds = 15V, Vqs = Vbs = ~5V 

— 

— 

— 

— 

— 

— 

— 

— 

10 




Vqs = 20V, Vqs = Vbs = ~5V 

— 

— 

10 

— 


— 

— 

— 

— 


Is(off) 

Source-Drain 

VsD = 10V, Vqd = Vbd = ~5V 

— 

— 

— 

— 


10 

— 

— 

— 

nA 


Off Current 

VsD = 15V, Vqd = Vbd = ~5V 

— 

— 

— 

— 

_ 

— 

— 

— 

10 




VsD = 20V, Vqd = Vbd = —SV 

— 

— 

10 

— 

— 

— 

— 

— 

— 


■gbs 

Gate-Body Source 

Vqb = 25V, Vdb = VsB = 0 

— 

— 

— 

— 

— 

1.0 

— 

— 

— 

pA 


Leakage Current 

Vqb = 30V, Vdb = Vsb = 0 

— 

— 

1.0 

— 

— 

— 

— 

— 

1.0 


VGS(th) 

Gate Threshold 

Vds = Vqs. b = 1 M-A, 

0.1 

1.0 

2.0 

0.1 

1.0 

2.0 

0.1 

1.0 

2.0 

V 


Voltage 

O 

II 

m 

CO 

> 











rDS(on) 

Drain-Source 

Vqs = 5V, b = 1 nriA, Vsb = 0 

— 

50 

70 

— 

50 

70 

— 

50 

70 

Q 


ON Resistance 

Vqs = 1 0V, b = 1 mA, Vsb = 0 

— 

30 

— 

— 

30 

— 

— 

30 

— 




Vgs= 15V, b= 1mA. VsB = 0 

— 

23 

— 

— 

23 

— 


23 

— 




Vqs = 20V, b = 1 mA, Vsb = 0 

— 

19 

— 

— 

19 

— 

— 

19 

— 


fDSM 

ON Resistance 

Vqs = 5V, b = 1 mA, Vsb = 0 

— 

1.0 

5.0 

— 

1.0 

5.0 

— 

1.0 

5.0 

a 


Match 






_1 







Dynamic 


9fs 

Common-Source 

Forward 

Transcond 

Vds = 10V, b=20mA, 
f = 1 KHz, Vsb = 0 

10 

12 


10 

12 


10 

12 


mmhos 

C(gs+gd+gb) 

Gate Node 
Capacitance 

Vds = 10V, Vqs = Vbs = “15V, 
f=:1 MHz 

— 

2.4 

3.5 

— 

2.4 

3.5 

— 

2.4 

3.5 

PF 

C(gs+db) 

Drain Node 
Capacitance 

Vds = 10V, Vqs = Vbs = -15V, 
f=1 MHz 

— 

1.3 


— 

1.3 

1.5 

— 

1.3 

1.5 

pF 

C(gs+sb) 

Source Node 
Capacitance 

Vds = 10V, Vqs = Vbs = —15V, 
f=1 MHz 

— 

3.5 

4.0 

1 

— 

3.5 

4.0 

— 

3.5 

4.0 

pF 

^(dg) 

Reverse Transfer 
Capacitance 

Vds = 10V, Vqs = Vbs = -15V, 
f=1 MHz 

— 

0.3 

0.5 

— 

0.3 

0.5 

— 

0.3 

0.5 

pF 

Ot 

Cross Talk 

f = 3KHz, Rg = 600n 

— 

-107 

— 

— 

-107 

— 

— 

-107 

— 

dB 

td(on) 

Turn ON Delay 

Time 

Vdd = 5V, VG(on) = 10V, 

RL = 680a Rg = 51Q 

— 

0.7 

1.0 

1 

— 

0.7 

1.0 

— 

0.7 

1.0 

nSec 

tr 

Rise Time 

Vdd= 5V, VG(on) = 10V, 

RL = 680a, Rg = 51Q 

— 

0.8 

1.0 

— 

0.8 

1.0 

— 

0.8 

1.0 

nSec 

toff 

Turn OFF Time 

Vdd = 5V, VG(on) = 10V, 

RL = 680a RG = 5ia 

— 

10 

— 

— 

10 

— 

— 

10 

— 

nSec 
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NOTES 



^^^^TELEDYNE 

COMPONENTS 


SD5100 

SD5101 


N’CHANNEL ENHANCEMENT-MODE QUAD DMOS 
FET ANALOG SWITCH ARRAYS 


FEATURES 

■ Common source for 4 channels 

■ Low feedthrough and feedback transients 

■ Low inter-electrode Capacitances 

APPLICATIONS 

■ +30V Switch Drivers—SD5100 

■ +15V Switch Drivers—SD5101 


ORDERING INFORMATION 


Part No. 

Package 

Description 

SD5100N 

14-Pin 

Plastic Dual 
In-Line 

30V, 70Q 

SD5101N 

14-Pin 

Plastic Dual 
In-Line 

15V, 700 

SD5100CY 

SO-14 

Package 

30V, 7on 

SD5101CY 

SO-14 

Package 

15V, 70n 


SCHEMATIC DIAGRAM 



Parameter 

SD5100 

SD5101 

Unit 

Vds 

-f-30 

+15 

Vdc 

VsD 

+0.5 

+0.5 

Vdc 

Vdb 

+30 

+15 

Vdc 

VsB 

+0.5 

+0.5 

Vdc 

Vgs 

+20 

+20 

Vdc 

Vgb 

+20 

+20 

Vdc 


-0.3 

-0.3 

Vdc 

Vgd 

+20 

+20 

Vdc 


-30 

-15 

Vdc 

Id Continuous Drain Current... 


.50mA 

Pd Total Package Power Dissipation 


(at or below Ta = -f25°C) .... 


....640mW 

Linear Derating Factor. 

.10.67m W/°C 

Pd Single Device Power Dissipation 


at or below TA = -»-25°C). 


....300mW 

Tj Operating Junction 



Temperature Range. 

.-55 to +85°C 

Ts Storage Temperature Range.-55 to +150°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


PIN CONFIGURATION 


~u1 D4 
TTI N/C 
1F| G4 

Ti~| B 

lol G3 
T] N/C 
Tl D3 

SO-14 Plastic 


4360 ILL F02 


D1 QI 
N/C [Y 
G1 [Y 

siz 

G2 [Y 

N/C 

D2 \Y 

DIMENSIONS 
14-Pin Plastic DIP 


TTI D4 

D1 [Y 

ir\ N/C 

NIC [Y 

IF] G4 

G1 

TTI B 


IFI G3 

G2 [Y 

~g~] N/C 

N/C 

T"! D3 

D2 [T^ 


1121-1 (4360) 
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N-CHANNEL ENHANCEMENT-MODE QUAD 
DMOS FET ANALOG SWITCH ARRAYS 


SD5100 

SD5101 


ELECTRICAL CHARACTERISTICS: (Ta = +25°C unless otherwise noted) 





SD5100 

SD5101 


Symbol 

Parameter 

Test Conditions j 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 


Static 


BVds 

Drain-Source 

Breakdown Voltage 

Id=1.0^A, 

Vqs = Vbs = 0 

30 

35 

— 

15 

30 

— 

V 

BVsd 

Source-Drain 

Is = 10n A, 

0.5 

— 

— 

0.5 

— 

— 

V 


Breakdown Voltage 

Vqd = Vbd = 0 








BVdb 

Drain-Substrate 

Id-1.0hA. Vgb = 0 

30 

— 

— 

15 

— 

— 

V 


Breakdown Voltage 

Source Open 








BVsb 

Source-Substrate 

ls= lOOnA, Vgb = 0 

0.5 

— 

— 

0.5 

— 

_ 

V 


Breakdown Voltage 

Drain Open 








iD(off) 

Drain-Source 

> 

o 

II 

CO 

Q 

> 

— 

1.0 

10 

— 

1.0 

10 

nA 


OFF Current 

o 

II 

CO 

CD 

> 

II 

CO 

0 

> 








Iqbs 

Gate-Substrate Source 

Vgs = 20V, i 

— 

— 

10 

— 

— 

10 

fA 


Leakage Current 

o 

II 

CD 

II 

CD 

Q 

> 








VGS(th) 

Gate-Source 

Id = 1 .0|liA, Vds = Vqs 

0.5 

1.0 

2.0 

0.5 

1.0 

2.0 

V 


Threshold Voltage 

o 

II 

CD 








rDS(on) 

Drain-Source 

Vgs = 5V, Id = 1 mA 

„ 

50 

70 

~ 

50 

70 

Q 


ON Resistance 

o 

II 

CD 

CO 

> 










Vgs = 10V, Id = 1mA 

— 

30 

45 

— 

30 

45 




o 

II 

CD 










Vgs = 15V, Id = 1mA 

— 

23 

— 

— 

23 

— 




o 

II 

CD 










Vgs = 20V, Id = 1mA 

— 

19 

— 

— 

19 

— 




o 

II 

CD 

CO 

> 








rosM 

ON Resistance Match 

VGS = 5V, lD=1mA, 

— 

1.0 

5.0 

— 

1.0 

5.0 

Q 



CD 

II 

o 





_ i 




Dynamic 


9fs 

Common-Source 

Forward Transcond 

Vds = 10V, Id = 20mA 
f = lKHz, VsB=0 

10 

15 

— 

10 

15 

— 

mmhos 

C(gs+gd+gb) 

Gate Node 

Capacitance 

VDs=10V,f=1MHz 

Vgs = Vbs = -5V 

— 

2.4 

3.5 

— 

2.4 

3.5 

pF 

C(gd+db) 

Drain Node 

Capacitance 

Vds= 10V, f= 1MHz 

Vgs = Vbs = -5V 

— 

1.3 

1.5 

— 

1.3 

1.5 

pF 

^dg 

Reverse Transfer 
Capacitance 

Vds= 10V, f= 1MHz 

Vgs = Vbs = “^V 

— 

0.3 

0.5 

— 

0.3 

0.5 

pF 

Ct 

Cross Talk 

f = 3KHz, Rg = 600a 

— 

-107 

— 

— 

-107 

— 

dB 


NOTE: 1. Pulse Test SOji Sec, 1% Duty Cycle 
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SD5200 


^^^^TELEDYNE 

COMPONENTS 


N-CHANNEL ENHANCEMENT-MODE 
QUAD DMOS FET DRIVER ARRAY 


FEATURES 

■ Normally OFF Configuration 

■ Low Interelectrode Capacitance 

■ High-speed Switching 

APPLICATIONS 

■ +30V Analog Switch Drivers 

■ Wide-Band Dual Differential Amplifiers 

ORDERING INFORMATION 


Part No. 

Package 

Description 

SD5200N 

16-Pin Plastic Dual In-Line 

30V, son 


ABSOLUTE MAXIMUM RATINGS 

(per channel, Ta = +25°C unless otherwise noted) 


Vds Drain-Source Voltage.+30Vdc 

VsD Source-Drain Voltage.+0.5Vdc 

Vdb Drain-Body Voltage.+30Vdc 

VsB Source-Body Voltage.+15Vdc 

Vgs Gate-Source Voltage.+25Vdc 

Vgb Gate-Body Voltage.+25Vdc 

Gate-Body Voltage.-0.3Vdc 

Vgd Gate-Drain Voltage.+25Vdc, -30Vdc 

Id Continuous Drain Current.50mA 

Pd Total Package Power Dissipation 

(at or below Ta = +25°C).640mW 

Linear Derating Factor.10.7mW/°C 

Pd Single Device Power Dissipation 

(at or below Ta = +25°C).300mW 

Linear Derating Factor.5.0mW/°C 

Tj Operating Junction Temperature 

Range.-55 to +85°C 

Ts Storage Temperature Range.-55 to +150°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings* may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


SCHEMATIC DIAGRAM 



PIN CONFIGURATION 



- . \J - 


DiDI 


jH D 4 

B [Y 


Isl N/C 

G, [T 


jU <34 

Si [T 


jU S4 

sjLt; 


^ S3 

°2 EX 


ZU <h 

N/C 


lol N/C 

02 [T 


Z] °3 


4370 ILL F02 


14 


1122-1 (4370) 
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N-CHANNEL ENHANCEMENT-MODE 
QUAD DMOS FET DRIVER ARRAY 


SD5200 


ELECTRICAL CHARACTERISTICS: (Ta = 4-25‘^C unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Unit 

Static 

BVds 

Drain-Source 

Breakdown Voltage 

Id = 10jiA, Vqs = Vbs = 0 

30 

35 

— 

V 

BVsb 

Source-Substrate 

Is = 10jiA, Vqb = 0 

15 

— 

— 

V 


Breakdown Voltage 

Drain Open 





Igbs 

Gate-Body Leakage Current 

Vqb = 25V, Vqb = Vsb = 0 

— 

— 

1.0 

pA 

VGS(th) 

Gate-Source Threshold Voltage 

Vds = Vqsi Id = 1 .OpA 

Vsb = 0 

0.5 

1.0 

2.0 

V 

rDSCon) 

Drain-Source ON Resistance 

Vqs = 5V, Id = 1 mA, Vsb = 0 


50 

80 

Q 


Vqs = 10V, Id = 1 rnA, Vsb = 0 

— 

30 

— 




Vqs = 15V, Id = 1mA, Vsb = 0 

— 

23 

— 




Vgs = 20V, lD=1mA, Vsb = 0 

— 

19 

— 



DYNAMIC 


9fs 

Common-Source Forward 
Transcond. 

Vds = 10V, Id = 20mA 
f=1KHz,VsB=0 

10 

12 

— 

mmhos 

C(gs + gd + gb) 

Gate Node Capacitance 

f= 1MHz, Vds= 10V 

Vqs = Vbs = -15V 

— 

2.4 

3.5 

PF 

o 

to 

CL 

+ 

CL 

Drain Node Capicitance 

f = 1MHz, Vds = 10V 

Vqs = Vbs = -15 V 

— 

1.3 

1.5 

PF 

C(gs + sb) 

Source Node Capacitance 

f=1MHz, Vds = 10V 

Vgs = Vbs = ~15V 

— 

3.5 

4.0 

pF 

C(dg) 

Reverse Transfer Capacitance 

f = 1MHz, Vds = 10V 

Vgs = Vbs = ~15V 

— 

0.3 

0.5 

pF 

Ct 

Cross Talk 


— 

-107 

— 

dB 
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^^^TELEDYNE 

COMPONENTS 


SD5400 

SD5401 

SD5402 


QUAD DMOS FET ANALOG SWITCH ARRAYS 


FEATURES 

■ Low Interelectrode Capacitances 

— Analog Input.3.5 pF Typ 

— Input (Gate).2.4 pF Typ 

— Output.1.3 pFTyp 

— Feedback.0.3 pF Typ 

■ Low Insertion Loss.ros <301:^ 

■ Low Cross Talk.107 dB @ 3 kHz 

■ Bidirectional Switches 

■ Small-Outline, Surface-Mount Package 

ORDERING INFORMATION 


Part No. 

Package 

Description 

Temperature 

Range 

SD5400CY 

14-Pin 

Plastic 

Small-Outline 

20V, 30n 

Commercial 

SD5401CY 

14-Pin 

Plastic 

Small-Outline 

10 V, son 

Commercial 

SD5402CY 

14-Pin 

Plastic 

Small-Outline 

15 V, son 

Commercial 


APPLICATIONS 
■ High-Speed Analog Switches 


SD5400.±10V 

SD5401 .±5V 

SD5402.±7.5V 

■ High-Speed Switch Drivers 

SD5400 .20V 

SD5401 .. 10V 

SD5402.15V 

■ Sample-and-Hold 


SCHEMATIC DIAGRAM 





soJ' 
^ _( 

j 


10 O-J ] 

" 1 
< 

40 _ 


!_ 

_J 

11 O-J J 14 

D S 


SUBSTRATE 


PIN CONFIGURATION 



NC 

Dl 

^4 


4361 FHD F02 


14 


1123-1 (4361) 
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QUAD DMOS FET ANALOG 
SWITCH ARRAYS 

SD5400 

SD5401 

SD5402 


ABSOLUTE MAXIMUM RATINGS: 

Tc = +25°C, unless otherwise noted. 


Vdb Drain-Body Voltage 

SD5400 . +25V 

SD5401 .+15V 

SD5402 .+22.5V 

Vos Drain-Source Voltage 

SD5400 . +20V 

SD5401 .-t-IOV 

SD5402 .+15V 

VsB Source-Body Voltage 

SD5400 . +25V 

SD5401 .+15V 

SD5402 .+22.5V 

VsD Source-Drain Voltage 

SD5400 .+20V 

SD5401 .+10V 

SD5402 .+15V 

Vgb Gate-Body Voltage 

SD5400.-0.3V, +30V 

SD5401 .-0.3V, +25V 

SD5402.-0.3V, +30V 

Vgd Gate-Drain Voltage 

SD5400.-25V, +30V 

SD5401 .-15V, +25V 

SD5402.-22.5V, +30V 


Vgs Gate-Source Voltage 

SD5400.-25V, +30V 

SD5401 .-15V, -h25V 

SD5402.-22,5V, +30V 

Id Continuous Drain Current.50 mA 

Pd Total Package Power Dissipation 

@ or Below Ta = -r25‘’C.640 mW 

Linear Derating Factor.5.33 mW/°C 

Pd Single Device Power Dissipation 

@ or Below Ta = -^25°C.300 mW 

Tj Operating Junction 

Temperature Range.0°C to +70°C 

Tstg Storage Temperature Range.-55°C to +125°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 
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QUAD DMOS FET ANALOG 
SWITCH ARRAYS 

SD5400 

SD5401 

SD5402 


ELECTRICAL CHARACTERISTICS (Ta = +25°C per channel, unless otherwise noted.) 





I SD5400 

I SD5401 

I SD5402 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 


Static 


BVds 

Drain-Source 
Breakdown Voltage 

Id = 10 nA, Vqs = Vbs = -5V 

20 

25 

! 

10 

25 

— 

15 

25 

— 

V 

BVsd 

Source-Drain 

Is = 10 nA, Vgd = Vbd = “5V 

20 

— 

— 

10 

— 

— 

15 

— 

— 

V 


Breakdown Voltage 












BVdb 

Drain-Substrate 

lD=10nA, Vgb = OV, 

25 

— 

— 

15 

— 

— 

22.5 

— 

— 

V 


Breakdown Voltage 

Source OPEN 











BVsb 

Source-Substrate 

Is = 10 )liA, Vgb = OV, 

25 

— 

— 

15 

— 

_ 

22.5 

— 

— 

V 


Breakdown Voltage 

Drain OPEN 











Id(off) 

Drain-Source 

Vgs = Vbs = -5V, Vqs = 10V 

— 

— 

— 

— 


10 

— 

— 

— 

nA 


OFF Current 

Vgs = Vbs = ~5V, Vqs = 1 5V 

— 

— 

— 

— 

— 

— 

— 

— 

10 




Vgs = Vbs = —5V, Vqs = 20V 

— 

— 

10 

— 

— j 

— 

— 

— 

— 


Is(OFF) 

Source-Drain 

Vgd = Vbd = ~5V, Vsd = 10V 

— 

— 

— 

— 

— 

10 

— 

— 

— 

nA 


OFF Current 

Vgd = Vbd = -5V, Vsd = 1 5V 

— 

— 

— 

— 

— 

— 

— 

— 

10 




Vgd = Vbd = -5V, Vsd = 20V 

— 

— 

10 

— 

~ 

— 

— 

— 

— 


Igbs 

Gate-Body Source 

Vdb = VsB = OV, Vgb = 25V 

— 

— 

— 

— 

— 

1 

— 

— 

— 

fA 


Leakage Current 

Vdb = VsB = OV, Vgb = 30V 

— 

— 

1 

— 

— 

— 

— 

— 

1 


Vgs(th) 

Gate Source 

Vds = Vgs. Id = 1 fA, 

0.1 

1 

2 

0.1 

1 

2 

0.1 

1 

2 

V 


Threshold Voltage 

> 

o 

II 

m 

CO 

> 











roscoN) 

Drain-Source 

Vgs = 3V, Id = 1 rnA, 

— 

50 

70 

— 

50 

70 

— 

50 

70 

a 


ON Resistance 

VsR = OV 













Vgs = 10V, Id = 1 mA, 

— 

30 

— 

— 

30 

— 

— 

30 

— 

Q 



> 

o 

II 

00 













Vgs=15V, Id = 1 mA, I 

— 

23 

— 

— 

23 

_ 

— 

23 

— 

Q 



> 

o 

II 

m 













Vgs = 20V, b = 1 mA, I 

— 

19 

— 

— 

19 


— 

19 

— 

Q 



CD 

II 

O 

< 











rDSM(ON) 

Drain-Source Match 

Vgs = 5V, b = 1 mA, I 

— 

1 

5 

— 

1 

5 

— 

1 

5 

a 


ON Resistance 

> 

o 

II 

CO 





_i 







Dynamic 


Qm (FS) 

Common-Source 

Forward 

Transconductance 

Vds = 10V, b = 20 mA, 

VsB = 0 f = 1 kHz 

10 

12 


10 

12 


10 

12 


mmhos 

C(GS+GD+GB) 

Gate Node 
Capacitance 

Vds = 10V, Vqs = Vbs = “15V, 
f=1 MHz 

— 

2.4 

3.5 


2.4 

3.5 

— 

2.4 

3.5 

pF 

C(GS+DB) 

Drain Node 
Capacitance 

Vds = 10V, Vgs = Vbs = “15V, 
f=1 MHz 

— 

1.3 

1.5 

— 

1.3 

1.5 

— 

1.3 

1.5 

PF 

C(gs+sb) 

Source Node 
Capacitance 

Vds = 10V, Vqs = Vbs = -15V, 
f=lMHz 

— 

3.5 

4 

— 

3.5 

4 

— 

3.5 

4 

pF 

C(DG) 

Reverse Transfer 
Capacitance 

Vds = 10V, Vgs = Vbs = -15V, 
f=1MHz 

— 

0.3 

0.5 

— 

0.3 

0.5 

— 

0.3 

0.5 

pF 

CT 

Cross-Talk 

f = 3 kHz, Rg = 6000 

— 

-107 

— 

_ 

-107 

— 

— 

-107 

— 

dB 

tD(ON) 

Turn ON Delay 

Time 

Vdd = 5V, Vg(on) = 10V, 
Rl=680Q, Rg = 510 

— 

0.7 

1 

— 

0.7 

1 

— 

0.7 

1 

ns 

tR 

Rise Time 

Vdd = 5V, Vg(on) = 10V, 
RL=680a, Rg = 510 

— 

0.8 

1 

— 

0.8 

1 

— 

0.8 


ns 

tOFF 

Turn OFF Time 

Vdd = 5V, Vg(on) = 10V, 
Rl=680Q, Rg = 51Q 

— 

10 

— 

— 

10 

— 

— 

10 

— 

ns 
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QUAD DMOS FET ANALOG 
SWITCH ARRAYS 

SD5400 

SD5401 

SD5402 


SWITCHING TIMES TEST CIRCUIT TEST WAVEFORMS 



TYPICAL PERFORMANCE CHARACTERISTICS: Ta = +25°C per channel, unless otherwise noted. 


Drain-Source On Resistance 



•10 I_^^_ I _^_ I _ I _ I _I 

0 2 4 6 8 10 12 14 16 

GATE-SOURCE VOLTAGE (V) 


On Drain Current vs 


Gate-Source Voltage 



0 1 2 3 4 5 6 7 

GATE-SOURCE VOLTAGE (V) 


Gate-Source Threshold Voltage 



^ 0 2.5 5.0 7.5 10 

SOURCE-BODY VOLTAGE (V) 


Forward Transconductance 



DRAIN CURRENT (mA) 
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^A^TELEDYNE 

COMPONENTS 

VN0610LL 


VN2222LL 


N-CHANNEL ENHANCEMENT-MODE DMOS POWER FETs 


FEATURES 

■ High Gate Oxide Breakdown, ±40V min. 

■ Low Output and Transfer Capacitances 

■ Extended Safe Operating Area 

APPLICATIONS 

■ High-Speed Pulse Amplifiers 

■ Logic Buffers 

■ Line Drivers 

■ Solid-State Relays 
M Motor Controls 

■ Power Supplies 

ORDERING INFORMATION 


Part No. 

Package 

Description 

VN0610LL 

TO-92 Plastic 
Package 

60V, 5Q 

VN2222LL 

TO-92 Plastic 
Package 

60V, 7.5Q 


ABSOLUTE MAXIMUM RATINGS 


Drain-Source Voltage.+60V 

Drain-Gate Voltage (Vqs = 0).+60V 

Gate-Source Voltage.±40V 

Continuous Drain Current 
VN0610LL 

Ta = +25°C.0.18A 

Tc = +25°C.0.32A 

VN2222LL 

Ta = +25°C.0.15A 

Tc = +25'^C.0.26A 

Peak Pulsed Drain Current.1 .OA 

Continuous Device Dissipation 

Ta = +25°C. 0.3W 

Tc = +25°C.1.0W 

Linear Derating Factor 

Ta = +25°C.2.4mW/°C 

Tc = +25°C.8.0mW/°C 

Operating Junction 

Temperature Range...-55 to -f150°C 

Storage Temperature Range.-55 to +150°C 

Lead Temperature (1/16" from mounting 

surface for 30 sec).+260‘^C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


SCHEMATIC DIAGRAM 



1124-1 (4362) 
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N-CHANNEL ENHANCEMENT-MODE 
DMOS POWER FETs 


VN0610LL 

VN2222LL 


ELECTRICAL CHARACTERISTICS: (Ta = +25°C unless otherwise noted) 





VN0610LL 

VN2222LL | 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Static 

BVdss 

Drain-Source 

Breakdown Voltage 

Id = 100hA,Vgs = 0 

60 

100 

— 

60 

100 

— 

V 

VGS(th) 

Gate-Source 

Threshold Voltage 

Id = 1.0mA, Vps = Vqs 

0.8 

1.9 

2.5 

0.6 

1.9 

2.5 

V 

Iqbs 

Gate-Body Source 

Leakage Current 

Vqs = ±30V, Vds = 0 

— 

±1.0 

±100 

~ 

±1.0 

±100 

nA 

loss 

Drain-Source OFF 

Vds = 48V, Vqs = 0 

— 

0.1 

10 

— 

0.1 

10 

pA 


Leakage Current 

Vds = 48V, Vqs = 0 

Ta= 125*^0 


5.0 

500 


5.0 

500 

pA 

iD(on) 

ON Drain Current 

Vds = 10V, Vqs = lOVO) 

1.0 

2.2 


1.0 

2.2 

— 

A 

VDS(on) 

Drain-Source 

ON Voltage 

Vgs = 5V, Id = 0.2Ah) 

Vgs = 10V, Id = 0.5Ah) 

— 

0.9 

1.5 

1.5 

2.5 

_ 

0.9 

1.5 

1.5 

3.75 

V 

rDS(on) 

Drain-Source 

Vgs = 5V, lD=0.2Ah) 

__ 

4.5 

7.5 

— 

4.5 

7.5 

Q 

ON Resistance 

Vgs = 10V. Id = 0.5A<1) 

— 

3.0 

5.0 

— 

3.0 

7.5 




Vgs=10V, Id=0.5A<') 

Ta = +125<'C 

— 

4.7 

9.0 

— 

4.7 

13.5 


Dynamic 

9fs 

Common-Source 

Vds = 10V, Id=0.5A 

100 

400 

— 

100 

400 

— 

mmhos 


Fonvard Transcend 

f = 1KHz(i) 








Ciss 

Common-Source 

Vds = 15V. Vqs = 0 

— _ 

80 

100 

— 

80 

100 

PF 


Input Capacitance 

f=1MHz 








Crss 

Common-Source Reverse 

Vds = 15V, Vgs = 0 

— 

1.3 

5.0 

— 

1.3 

5.0 

PF 


Transfer Capacitance 

f=1MHz 








Coss 

Common-Source 

Vds = 15V, Vgs = 0 

— 

10.5 

25 

_ 

10.5 

25 

pF 


Output Capacitance 

f=1MHz 








ton 

Turn-On Time 

Vdd = 15V, VG(on) = 10V 

Rg = 250, Rl = 250 

— 

5.0 

10 

— 

5.0 

10 

nSec 

tpff 

Turn-Off Time 

Vdd = 1 5V, VG(on) = 1 0V 

Rg = 250. Rl = 250 

— 

6.0 

10 

— 

6.0 

10 

nSec 


NOTE: 1. Pulse Test 80p. Sec, 1% Duty Cycle 
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^^^TELEDYNE 

COMPONENTS 


VN10KN 


N-CHANNEL ENHANCEMENT-MODE DMOS POWER FETS 


FEATURES 

■ High Gate Oxide Breakdown, ±40V min. 

■ Low Output and Transfer Capacitances 

■ Extended Safe Operating Area 

APPLICATIONS 

■ High-Speed Pulse Amplifiers 

■ Logic Buffers 

■ Line Drivers 

■ Solid-State Relays 

■ Motor Controls 

■ Power Supplies 

ORDERING INFORMATION 


Part No. 

Package 

Description 

VN10KN3 

TO-92 Plastic 

60V, 5n 


ABSOLUTE MAXIMUM RATINGS 

(Ta = +25°C unless otherwise noted) 


Drain-Source Voltage.+60V 

Drain-Gate Voltage (Vqs = 0).+60V 

Gate-Source Voltage.±30V 

Continuous Drain Current 

Ta = +25°C.0.24A 

Tc = +25°C.0.32A 

Peak Pulsed Drain Current. 1 .OA 

Continuous Device Dissipation 

Ta = +25°C.0.30W 

Tc = +25°C.1.0W 

Linear Derating Factor 

Ta = +25°C.2.4mW/°C 

Tc = +25°C.8.0m W/°C 

Operating Junction Temperature 

Range.-55 to +150°C 

Storage Temperature Range.-55 to +150°C 

Lead Temperature (1/16" from mounting 

surface for 30 sec).+260°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


SCHEMATIC DIAGRAM 



1125-1 (4363) 
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N-CHANNEL ENHANCEMENT-MODE 
DMOS POWER FETS 


VN10KN 


ELECTRICAL CHARACTERISTICS: (Ta = +25°C unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Static 

BVqss 

Drain-Source Breakdown Voltage 

Id=100|liA, Vgs = 0 

60 

100 

— 

V 

VGS(th) 

Gate-Source Threshold Voltage 

Id = 1.0mA, Vds = Vgs 

0.8 

1.9 

2.5 

V 

Igbs 

Gate-Body Source Leakage Current 

Vgs = ±15V, Vds = 0 

— 

±10 

±100 

nA 

loss 

Drain-Source OFF 

Vds = 40V, Vgs = 0 

— 

0.1 

10 

pA 


Leakage Current 

Vds = 40V, Vgs = 0 

Ta= las^’C 


5.0 

500 

pA 

•□(on) 

ON Drain Current 

Vgs = 5V. Vds = 10V<’> 

Vgs = 10V, Vos — lOVOI 

0.25 

0.75 

— 

-1 

A 

VDS(on) 

Drain-Source ON Voltage 

Vgs = 10V, Id = 0.5A(i) 

— 

1.5 

2.5 

V 

l'DS(on) 

Drain-Source ON Resistance 

Vgs = 10V, lD = 0.5Ati) 

— 

3.0 

5.0 

Q 


Vgs = 10V, Id = 0.5AC) 

Ta = +125«C 

— 

4.7 

9.0 



Dynamic 

9fs 

Common-Source Forward Transcend 

Vds = 10V, Id = 0.5A 
f = 1KHz(’) 

100 

, 

400 

— 

mmhos 

Cjss 

Common-Source Input Capacitance 

Vds = 15V, Vgs = 0 
f = lMHz 


80 

100 

PF 

Crss 

Common-Source Reverse 

Transfer Capacitance 

Vds = 15V, Vgs= 0 
f = lMHz 

— 

1.3 

5.0 

PF 

Goss 

Common-Source Output Capacitance 

Vds = 15V, Vgs = 0 
f=lMHz 

— 

10.5 

25 

pF 

ton 

Turn-On Time 

VdD = VG(on)= 10V 

RG = 25aRL = 250 

— 

5.0 

10 

nSec 

toff 

Turn-Off Time 

Vdd = VG(on) = 10V 

RG = 25aRL=250 

— 

6.0 

10 

nSec 


NOTE: 1. Pulse Test SOji Sec, 1 % Duty Cycle 
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^^^TELEDYNE 

COMPONENTS 

VN10LM 

VN2222LM 


N-CHANNEL ENHANCEMENT-MODE DMOS POWER FETs 


FEATURES 


ABSOLUTE MAXIMUM RATINGS 


■ High Gate Oxide Breakdown, ±40V min. 

■ Low Output and Transfer Capacitances 

■ Extended Safe Operating Area 

APPLICATIONS 

■ High-Speed Pulse Amplifiers 

■ Logic Buffers 

■ Line Drivers 

■ Solid-State Relays 

■ Motor Controls 

■ Power Supplies 


ORDERING INFORMATION 

Part No. 

Package 

Description 

VN10LM 

TO-237 Plastic 

60 V. sn 

VN2222LM 

TO-237 Plastic 

60V, 7.5Q 


Drain-Source Voltage.+60V 

Drain-Gate Voltage (Vqs = 0).+60V 

Gate Source Voltage.±40 

Continuous Drain Current 
VN10LM 

Ta = +25°C.0.19A 

Tc = +25'’C.0.44A 

VN2222LM 

Ta = +25°C.0.16A 

Tc = +25°C.0.36A 

Peak Pulsed Drain Current.1 .OA 

Continuous Device Dissipation 

Ta = +25°C.0.36W 

Tc = +25°C.1.8W 

Linear Derating Factor 

Ta = 25°C.2.9mW/°C 

Tc = 25°C.14.4mW/°C 

Operating Junction Temperature 

Range.-55 to +150°C 

Storage Temperature Range.-55 to +150°C 

Lead Temperature (1/16" from mounting 

surface for 30 sec).+260°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


SCHEMATIC DIAGRAM 



112S-1 (4364) 
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N-CHANNEL ENHANCEMENT-MODE 
DMOS POWER FETs 

VN10LM 

VN2222LM 

ELECTRICAL CHARACTERISTICS: (Ta = +25°C unless otherwise noted) 

I VN10LM ^ VN2222LM I 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Static 

BVdss 

Drain-Source 

!d=100^iA,Vgs = 0 I 

60 

100 

— 

60 

100 


V 


Breakdown Voltage 









VGS(th) 

Gate-Source 

Id = 1.0mA, Vps = Vqs 

0.8 

1.9 

2.5 

0.6 

1.9 

2.5 

V 

Iqbs 

Gate-Body Source 

Vgs = ±30V, Vds = 0 

— : 

±1.0 

±100 

— 

±1.0 

±100 

nA 


Leakage Current 









bss 

Drain-Source OFF 

Vds = 48V, Vgs = 0 

“ 

0.1 

10 

_ 

0.1 

10 

\iA 


Leakage Current 

Vds = 48V, Vgs = 0 

— 

5.0 

500 

— 

5.0 

500 

fA 



Ta=125'’C 








iD(on) 

ON Drain Current 

Vds = 10V, VGs=10Vh) 

1.0 

2.2 

— 

1.0 

2.2 

— 

A 

VDS(on) 

Drain-Source 

Vgs = 5V, Id = 0.2A(’> 

— 

0.9 

1.5 

__ 

0.9 

1.5 

V 


ON Voltage 

Vqs= 10V, Id= 0.5A(') 

— 

1.5 

2.5 

— 

1.5 

3.75 


rDS(on) 

Drain-Source 

Vqs = 5V, Id = 0.2A(i> 

— 

4.5 

7.5 ! 

__ 

4.5 

7.5 

a 


ON Resistance 

Vgs= 10V, Id = 0.5A(') 

— 

3.0 

5.0 


3.0 

7.5 




Vqs = 10V, Id = 0.5A<1) 

— 

4.7 

9.0 

__ 

4.7 

13.5 




Ta = +125»C 









Dynamic 


9fs 

Common-Source 

Forward Transcend 

Vds = 10V, Id = o. 5A 
f = 1KHz(i) 

100 

400 

— 

100 

400 

— 

mmhos 

Ciss 

Common-Source 

Input Capacitance 

Vds = 15V, Vqs = 0 
f=1MHz 

— 

80 

100 

— 

80 

100 

pF 

Crss 

Common-Source Reverse 

Transfer Capacitance 

Vds = 15V, Vgs = 0 
f=1MHz 

— 

1.3 

5.0 

— 

1.3 

5.0 

PF 

Coss 

Common-Source 

Output Capacitance 

Vds = 15V, Vgs = 0 
f=1MHz 

— 

10.5 

25 

— 

10.5 

25 

pF 

ton 

Turn-On Time 

Vdd = 15V, VG(on) = 10V 

Rg = 25a, Rl = 25a 

— 

5.0 

10 

— 

5.0 

i 

10 

nSec 

toff 

Turn-Off Time 

Vdd = 15V, VG{on) = 10V 

Rg = 25a, Rl = 25a 

— 

6.0 

10 

— 

6.0 

10 

nSec 


NOTES: 1. Pulse Test 80[i Sec, 1% Duty Cycle 


14-32 




^^^TELEDYNE 

COMPONENTS 


VQ1000 


N-CHANNEL ENHANCEMENT-MODE QUAD DMOS POWER FET ARRAY 


FEATURES 

■ Inherent Current Sharing Capability when 
Paraiieled 

■ Simpie Straightforward DC Biasing 

■ Extended Safe Operating Area 

■ CMOS and TTL Compatible 

APPLICATIONS 

■ High-Speed Puise Amplifiers 

■ CMOS Logic to High-Current Interfaces 

■ High-Speed Switching 

■ Line Drivers 

■ Stepper Motor Drivers 

ORDERING INFORMATION 


Part No. 

Package 

Description 

VQ 1000 J 

14 Pin 

Plastic DIP 

60V. 5 . 5 a 


SCHEMATIC DIAGRAM 


TOP VIEW 


n.. 

rr 

n—1 



LL 



ill 

Si 

[I 


w 

D 


± 


-L 


N/C 

[Z 



Zl 


[I 

_ 

_r 

Z] 

S2 

[I 



I] 

n 

rr 



T1 

□2 

LL 


iJ 


ABSOLUTE MAXIMUM RATINGS 

(Ta = 25®C, unless otherwise noted.) 


Drain-Source Voltage.60V 

Drain-Gate Voltage (Vqs = 0).60V 

Gate-Source Voltage.±40V 

Continuous Drain Current 
Total Package 

Ta = +25'^C.0.29A 

Tc = +25°C.0.51 A 

Single Device 

Ta = +25°C.0.20A 

Tc = +25°C.0.36A 

Peak Pulsed Drain Current.1.0A 

Continuous Device Dissipation 
Total Package 

Ta = +25°C.0.64W 

Tc = +25°C.2.0W 

Single Device 

Ta = +25°C.0.30W 

Tc = +25°C.1.0W 

Linear Derating Factor 
Total Package 

Ta = +25°C.5.1mW/°C 

Tc = +25°C.16mW/°C 

Single Device 

Ta = +25°C.2.4mW/°C 

Tc = +25°C.8.0mW/°C 

Operating Junction 

Temperature Range.-55 to +150°C 

Storage Temperature Range.-55 to +150°C 

Lead Temperature (1/16" from mounting 

surface for 30 Sec).+260°C 


Static-sensitive device. Unused devices must be stored in conductive 
material. Protect devices from static discharge and static fields. Stresses 
above those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those 
indicated in the operation sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 


1127-1 (4365) 
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VQ1000 


N-CHANNEL ENHANCEMENT-MODE 
QUAD DMOS POWER FET ARRAY 


ELECTRICAL CHARACTERISTICS: (Ta = +25°C unless otherwise noted) 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

Static 

BVdss 

Drain-Source Breakdown Voltage 

Id = 10O^A, Vqs = 0 

60 

105 


V 

VGS(th) 

Gate-Source Threshold Voltage 

Vds = Vqs, Id = 1.0mA 

0.8 

1.9 

2.5 

V 

Iqbs 

Gate-Body Source Leakage Current 

Vqs = 10V, Vds = 0 

— 

.10 

100 

nA 



Vqs = 10V, Vds = 0 

— 

10 

500 

nA 



Ta = +125°C 







Vqs = -10V, Vds = 0 

— 

-.10 

-100 


loss 

Drain-Source OFF Leakage Current 

Vds = 60V, Vqs = 0 

— 

.10 

10 

fA 



Vds = 60V, Vqs = 0 

— 

10 

500 

\iA 



Ta = +125‘’C 





iD(on) 

Drain-Source ON Current^"*) 

Vds = 10V, Vqs = 5V 

0.2 

1.3 

— 

A 



Vds = 10V, Vqs = 10V 

0.5 

2.5 

— 


VDS(on) 

Drain-Source ON Voltage^) 

Vgs = 5V, Id=0.2A 

— 

— 

1.50 

V 



Vqs = 10V, Id = 0.3A 

— 

— 

1.65 


rDS(on) 

Drain-Source ON Resistances"'^ 

Vgs = 5V, lr)=0.2A 

— 

— 

7.5 

Q 



Vqs = 10V, Id = 0.3A 

— 

— 

5.5 




Vgs= 10V, 1d = 0.3A 

— 

— 

7.6 

a 



Ta = + 125°C 






Dynamic 


9fs 

Common-Source Forward Transcondf^ 

Vds= 10V, iD=0.5A 
f=lKHz 

100 

400 

— 

mmhos 

Ciss 

Common-Source Input Capacitance 

Vos = 25V. Vqs = 0 
f=1MHz 

— 

— 

60 

PF 

Crss 

Common-Source Reverse 

T ransfer Capacitance 

Vds = 25V, Vgs = 0 
f=1MHz 

— 

— 

5.0 

PF 

Cqss 

Common-Source Output Capacitance 

Vds = 25V, Vqs = 0 
f=1MHz 

— 

— 

25 

pF 

ton 

Turn-On Time 

Vdd = 15V, VG(on) 10V 

Rg = 250, Rl = 250 

— 

— 

10 

nSec 

toff 

Turn-Off Time 

Vdd= 15V, VG(on) 10V 

Rg = 250, Rl = 250 

— 

— 

10 

nSec 


NOTES: 1. Pulse Test 80^ Sec, 1 % Duty Cycle 
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^^^^TELEDYNE 

COMPONENTS 

RELIABILITY AND 
QUALITY ASSURANCE 


Teledyne Components continually strives to improve 
the quality and reliability of our products. This on-going 
process encompasses all areas of our operation, from de¬ 
sign and development through delivery of finished product 
and customer service. As a result, we are proud of our many 
years of proven success supplying reliable high perfor¬ 
mance components to our customers. 

New Product Qualification Tests 

All products in development must pass a minimum set 
of die and package related qualification tests as a require¬ 
ment for their release to manufacturing. As an example, 
Table 1 summarizes the reliability tests that are performed 
on new plastic packaged IG’s. Samples from three separate 
fabrication lots must pass each test before production is 
allowed to begin. 

Manufacturing Quality Assurance 

The quality and reliability tests and controls in the 
manufacturing process (see Figure 1) are described below. 

Incoming Inspection 

Raw materials (silicon wafers, photomasks, leadframes, 
molding compound, etc.) are inspected by Quality Control 
on a sample basis. In some cases, where the vendor has an 
approved SPC program in place, vendor data may be 
substituted for Incoming inspection at Teledyne Compo¬ 
nents. All raw material vendors are subject to periodic audits 
by Teledyne Components Quality personnel. 

Wafer Fab 

In addition to production controls, critical dimension 
measurements, and electrical measurements of wafers in 
process. Quality Assurance personnel conduct audits and 
monitors to assure adherence to specifications. 


Assembly 

Sample Inspections are performed by Quality Control 
personnel after die attach, lead bond, and tin plate (for 
devices with plated leads). 

Assembly Environmental 

Periodic samples are tested by Quality Assurance for 
marking permanency, solderability, resistance to solder heat, 
temperature cycle and thermal shock. Also tested, for 
hermetic devices, are hermeticity and constant acceleration, 
and for plastic devices, are resistance to steam (pressure 
cooker) and high temperature biased humidity life (85°C/ 
85%RH). 

Electrical Test 

After assembly, devices are 100% tested to the room 
temperature DC specifications in the data sheet. Following 
100% test, lots are submitted to Quality Assurance for 
sample testing to all data sheet specifications (DC & AC) 
over the operating temperature range. 

Final Visual and Clearance 

Prior to shipping, the devices are inspected by Quality 
Assurance to Teledyne Components’ visual criteria and all 
paperwork is checked to assure that all manufacturing steps 
were properly completed and that devices meet the 
customer’s requirements. 

Hi-Rel Screening 

Teledyne Components offers a number of Monolithic IC 
and Hybrid products with extra screening for applications 
that require higher assurance levels of quality and reliability, 
similar to those demanded for military grade devices*. 
This 7HR” screening flow, created in 1991, is outlined in 
Figure 2. 


Wafer Sort 

Each die on every wafer is tested on automatic test 
equipment to the electrical limits in the data sheet. Quality 
Assurance conducts periodic audits to assure that proper 
test programs and procedures are being used and that all 
test equipment is properly calibrated. 


The similarity between our internal specification numbers and MIL- 
STD-883 test method numbers (e.g. TC2010 for internal visual) is 
intentional and was meant as an aid to understanding our new flow. 
The procedures, despite the similarity in numbers, are not intended to 
be identical to or in conformance with the test methods contained in 
MIL-STO-883. 
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RELIABILITY AND 
QUALITY ASSURANCE 


RELIABILITY QUALIFICATION TESTS 


Test 

Conditions 

Steady State Life 

Ta=125®C 
t = 1000Hrs. 

High Temperature Storage 

Ta= 150°C 
t = lOOOHrs. 

Temperature, Humidity, Bias 

Ta = 85°C, RH = 85% 
t= lOOOHrs. 

Temperature Cycle 

T-high = 150°C 

T-low = -65'’C 
# of cycles =1000 

Thermal Shock 

T-high = 150°C 

T-low = -55°C 
# of cycles =15 

Resistance to Solder Heat 

Per JEDEC Std 22 

Autoclave 

Ta= 12rC 
t = 168 Hrs. 

ESD Sensitivity 

Per Mil-Std 883 

Method 3015 


Table 1 
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RELIABILITY AND 
QUALITY ASSURANCE 


PRODUCT ASSURANCE FLOW 



QC INSPECTION 

QA AUDITS 
QC MONITORS 

QA AUDITS 


QA AUDITS 
QC MONITORS 


QA AUDITS 


MANUFACTURING 


QA INSPECTION 

QA INSPECTION 


Figure 1 
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RELIABILITY AND 
QUALITY ASSURANCE 


MONOLITHIC I.C. PRODUCTS/HR SCREENING FLOW 



Quality Conformance Inspection 
TC 5005* 

Group A and B, Each Lot 
per Applicable Device Specification 
Group C and D every 12 months 


Figure 2A 


* Teledyne Components 
Internal Procedure 
** Except Gold Plated Leads 
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RELIABILITY AND 
QUALITY ASSURANCE 


HYBRID PRODUCTS/HR SCREENING FLOW 


I 


Traceability to Elements 

IC's, Capacitors, Resistors, Cover,Package 
Substrate, Wire, Epoxy 


I 


Internal Visual, Hybrid Construction 

TC 2017*, Class B 

Internal Visual, Elements 

TC 2032*, Class B 

Internal Visual, Integrated Circuits 

TC 2010*, Condition B 


I 


Temperature Cycie 

TC1010*, Condition C 


I 


Constant Acceleration 

TC 2001*, Condition A 


I 


Hermeticity 

Fine Leak, Condition A1 

Gross Leak, Condition C, TC 1014* 


i 


Initial (Pre-Burn-In) Electrical 
per Applicable Device Specification 


I 


Burn-In Test 

TCI 015*, Condition A, B, or C 


i 


Interim (Post Burn-In) Electrical 
per Applicable Device Specification 

DC @ 25''C, Percent Defective (PDA) 10% 
/Pattern Failure 




Final Electrical 

per Applicable Device Specification 

DC @ -55°C and +125^C, AC @ 25‘^C 




Device Marking 

Teledyne Logo, Part Number, 

ESD Designator, Date Code, 

Country of Origin, BeO 




External Visual 

TC 2009* 




Quality Conformance Inspection 

TC 5008* 

Group A and B, Each Lot 
per Applicable Device Specification 

Group C once per design or major 
change, Group D per package 
type every 6 months 

* Teledyne Components 

Internal Procedure 


Figure 2B 
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^^^TELEDYNE 

COMPONENTS 


ORDERING INFORMATION 


TELEDYNE COMPONENTS INTEGRATED CIRCUIT PRODUCT NUMBERING SYSTEM 
(except High Noise Immunity Products) 



Teletdyne Components Device 
Device Number 

Electrical Performance Grade Option (if applicable) 

R — Reversed Pin Layout 

Operating Temperature Range 

Package Type 

Number of Package Pins 

Processing Option 

HRX — HR Flow, Class B Processing 

Bl — 100% Burn-In at TC = 125°C ±5°C for 160 Hours 



Number of Package Pins (see listing) 

Package Type (see listing) 

Operating Temperature Range 
M — Military Temperature Range (-55°C to +125°C) 
r — Industrial Temperature Range (-25°C to +85°C) 

C — Commercial Temperature Range (0°C to +70°C) 

E — Extended Industrial Temperature Range (-40°C to +85°C) 
* — May be -40°C to +85°C. 

Refer to specific device specification. 

See data sheet for electrical grade options. 

Note that all proprietary part number prefixes 
have been changed to TC’. 
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ORDERING INFORMATION 


Package Type 

Number of Package Pins 

A TO-220 

A 8 

B Plastic Flat Pack 

B 3 

C SOT-23 

C 3 (Pin 2 connected to case) 

D MO-078AA 

D 14 

H Side-Brazed CerDIP 

E 16 

I TO-220 (Isolated) 

G 24 

J CerDIP 

1 28 

K Plastic Gullwing Quad Flat Package 

L 40 

L Plastic Leaded Chip Carrier (PLCC) 

M 2 

M SOT-89 

N 18 

N Ceramic Leadless Chip Carrier (LCC) 

P 20 

0 Plastic ‘SO’ Surface Mount 

Q 60 

P Plastic DIP 

R 5 (Pin 3 connected to case) 

R TO-52 

S 68 

T TO-99 

T 5 

V 8-Pin Metal Can 

V 8 (Pin 8 connected to case) 

Y Dice 

W 44 

Z TO-92 

Y 8 (Pin 4 connected to case) 
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^^^^TELEDYNE 

COMPONENTS 


PACKAGE INFORMATION 


PACKAGE 1 
TO-52 (2-PIN) 


T 


0.230 (5.84) 
0.209 (5.31) 


i 


0.150 (3.81) 
0.115(2.92) 



0.500 

(12.70) 

MIN 


1-1 

0.030 

(0.76) 

MAX 


-- 

0.195 (4.95) 
0.178 (4.52) 

1 


zmi...1 

1 


-L.- 

>1 

I 

T 


0.019(0.48) 

0.016(0.41) 

DIA 


0.100 

(2.54) 0.048(1.22) 



PACKAGE 2 
TO-92 (2-PIN) 


0.210(5.33) 
0.170 (4.32) 



0.205(5.21) 
0.175 (4.45) 

1 


0.019(0.48) 

0.016(0.41) 

DIA 


0.105(2.67) 
0.095 (2.41) 



0.105(2.67) 
0.080 (2.03) 


1152-1 


(4366) 
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PACKAGE INFORMATION 


PACKAGE 3 
TO-99 (8-PIN) 




PACKAGE 4 
8-PIN PLASTIC DIP 


4 3 2 1 

r-i f -1 r-i 1-1 

• 

( 


u u u u 

5 6 7 8 


0.400 (10.16) 
0.370 ^9.40) 


SEATING _ 

PLANE 

0.070(1.78) 
0.030 (0.76) 

0.020 (0.51) 
0.016(0.41) 



0.110(2.79) 
0.090 (2.29) 


0.200 

(5.08) 

MAX 


4 ^ 

0.020 

(0.51) 

MIN 


0°-15' 


0.280(7.11) 
0.220 (5.59) 
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PACKAGE INFORMATION 


PACKAGE 5 
8-PIN CERDIP 



WIDTH 


PACKAGE 6 
14-PIN PLASTIC DIP 


0.060(1.524) _i_ 
0.015 (0.381) 

~r 

0.060 (1.524) 
0.045 (1.143) 



0.160(4.064) 

0.100(2.540) 



0.310 (7.874) 
0.280 (7.112) 

0.235 (5.969) 
0.215(5.461) 


0.015(0.381) 
"0.008 (0.2032) 


' 0.400(10.160) ' 
0.330 (8.382) 


0.023 (0.5842) 
0.015 (0.3810) 


17-3 




PACKAGE INFORMATION 


PACKAGE 7 
14-PIN CERDIP 



STANDOFF 

WIDTH 


0,325 

MAX 

OVERALL 




0.375 

MAX 


0.011 

0.009 


PACKAGE 8 
16-PIN PLASTIC DIP 



0.090(2.29) 0.015(0.38) 

0.023 (0.56) 


0.015(0.38) 
0.008 (0.20) 
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PACKAGE INFORMATION 


PACKAGE 9 
16-PIN CERDIP 



0.110 0.037 0.020 

0.090 0.027 0.016 

TYP STANDOFF 

WIDTH 


PACKAGE 10 
18-PIN PLASTIC DIP 



0.02 (0.508) 
0.015 (0.381) 
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PACKAGE INFORMATION 


PACKAGE 11 
18-PIN CERAMIC DIP 


1 


0.3 (7.62) 
0.28 (7.12) 



PACKAGE 12 
24-PIN PLASTIC DIP 



0.012 ± 0.001 
(0.305 ± 0.025) 
TYP 
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PACKAGE INFORMATION 


PACKAGE 15 
28-PIN PLASTIC DIP 



PACKAGE 16 
28-PIN CERAMIC DIP 


nnnnnrinnnnnnnn 




• 

( 






15.19 (0.598) 
14.43 (0.568) 


35.92 (1.414) 
35.06(1.380) 



0.508 (0.020) 
0.381 (0.015) 


X 3.05 (0.120) 
1.53 (0.060) 


L 0.305 (0.012) 
^ 0.203 (0.008) 


15.40 (0.606) 
14.74 (0.580) 
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PACKAGE INFORMATION 


PACKAGE 17 
40-PIN PLASTIC DIP 



0.250 (5.210) 
0.165 (4.064) 



PACKAGE 18 
40-PIN CERAMIC DIP 


2.020 (51.308) 





PACKAGE INFORMATION 


PACKAGE 19 
28-PIN CERDIP 



PACKAGE 20 
40-PIN CERDIP 
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PACKAGE INFORMATION 


PACKAGE 22 

5-PIN TO-220 (PACKAGE AT) 


0.175(4.445) 


*^0.i 


248 (6.299) 



DIA THROUGH , (0.787) 


PACKAGE 23 
TO-18 (3-PIN) 
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_ PACKAGE INFORMATION 

PACKAGE 24 
TO-92 (3-PIN) 


0.105(2.67) 



PACKAGE 25 
8-PIN PLASTIC “SO” 
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PACKAGE INFORMATION 


PACKAGE 26 
14-PIN PLASTIC “SO” 



0.56(0.022) 0.45(0.018) 0.20(0.008) 0.22(0.009) 7° (4 PLCS) 


0.45 (0.018) 


0.35 (0.014) 


0.10(0.004) 


0.19 (0.007) 


1.27 (0.050) 
BSC 
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PACKAGE INFORMATION 
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PACKAGE INFORMATION 


PACKAGE 31 
16-PIN “SO” WIDE 



0.050(1.27) 




PACKAGE INFORMATION 


PACKAGE 32 
20-PIN “SO” WIDE 



0.050 ( 1 . 27 ) 


PACKAGE 33 
SOT 


0.020 (0.50) _J 
0.015(0.37)^ r 



0.0701 (1.78) 
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PACKAGE INFORMATION 


PACKAGE 34 
16-PIN SO 



0.050(1.27) 

BSC 


PACKAGE 35 
20-PIN PLASTIC DIP 





PACKAGE INFORMATION 


PACKAGE 36 
TO-220 (3-PIN) 



0.156 

0.146 


0.055 

0.045 


DIA THROUGH 
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Main Sales Offices 


Domestic Sales Offices 


Teledyne Components 
1300 Terra Bella Avenue 
P.O. Box 7267 

Mountain View, CA 94039-7267 
TEL: 415-968-9241 
TWX: 910-379-6494 
FAX: 415-967-1590 

Teledyne Components 
10 Oceana Way 
Norwood, MA 02062-2601 
TEL: 617-255-0300 
FAX: 617-255-9576 


Foreign Sales Offices 

Teledyne Components 
Abraham Lincoln Strabe 38-42 
6200 Wiesbaden 
Germany 

TEL: 49-611-768 0 
FAX: 49-611-701 239 

Teledyne Components 
The Harlequin Centre 
Southhall Lane 
Southhall 

Middlesex, UB2 5NH 
England 

TEL: 44-1-571-9596 
FAX: 44-1-571-9439 
FAX: 44-1-571-8177 

Teledyne Components 
11 Dhoby Ghaut #09-06 
Cathay Building 
Singapore 0922 
TEL: 3388077/3387313 
FAX: 3393316 


United States Manufacturers Representatives 


Alabama 

Colorado 

Hawaii 

Group 2000 Sales, Inc. 

Wescom Marketing 

Teledyne Components 

109C Jefferson Street 

4891 Independence St. 

1300 Terra Bella Avenue 

Huntsville, AL 35801 

ste. 235 

P.O. Box 7267 

(205) 536-2000 

Wheat Ridge, CO 80033 

Mountain View, CA 94039-7267 

FAX: (205) 533-5525 

(303) 422-8957 

(415) 968-9241 


_ FAX: (303) 422-9892 

TWX: 910/379-6494 

Alaska 


_ FAX: 415/967-1590 


“ Connecticut 


Teledyne Components 


Idaho 

1300 Terra Bella Avenue 

Alpha-Omega Sales Corp 


P.O. Box 7267 

325 Main Street 

Wescom Marketing 

Mountain View, CA 94039-7267 

North Reading, MA 01864 

4891 Independence St. 

(415) 968-9241 

(508)664-1118 

Ste. 235 

TWX: 910/379-6494 

FAX: (508)664-3212 

Wheat Ridge, CO 80033 

FAX: 415/967-1590 


_ (303) 422-8957 


_ Delaware 

FAX: (303) 422-9892 

Arizona 


— 


— 

Illinois 

SMS Associates 



7819 E. Greenway Rd., Ste. 5 


CenTech, Inc. 

Scottsdale, AZ 85260 

S-J Associates, Inc. 

10312 East 63rd Terrace 

(602) 998-0831 

204 Plaza Office Center 

Raytown, MO 64133 

FAX: (602) 998-2045 

Mt. Laurel, NJ 08054 

(816) 358-8100 


_ (609) 866-1234 

FAX: (816)358-8107 

Arkansas 

FAX: (609) 866-8627 



— 

Dolin Sales Co. 

Southern States Mkting., Inc. 


609 Academy Dr. 

1143 Rockingham, Ste. 106 


_ Northbrook, IL 60062 

Richardson, TX 75080 

Florida 

(708) 498-6770 

(214) 238-7500 


— FAX: (708) 498-4885 

FAX: (214) 231-7662 

Component Design Marketing 



7616 Southland Blvd. Ste. 103 

Indiana 

California 

~ Orlando, FL 32809 



_ (407) 240-3903 

Luebbe Sales Company 

Bestronics of San Diego 

FAX: (407) 240-4305 

6515 E. 82nd Street, Ste. 202 

9683 Tierra Grande St. 


Indianapolis, IN 46250 

Ste. 102 

1900 S.W. 85th Avenue 

(317) 845-7389 

San Diego, CA 92126 

North Lauderdate, FL 33068 

FAX: (317) 845-5875 

(619) 693-1111 

(407) 726-5444 


FAX: (619) 693-1963 

FAX: (305) 480-7674 

Iowa 

H-Technical Sales II, Inc. 

4502 W. Elm Street 

Rep Associates Corp. 

4 Ventura, Ste. 220 

Tampa, FL 33614 

4905 Lakeside Drive N.E. 

Irvine, CA 92640 

(813) 886-9721 

Cedar Rapids, lA 52402 

(714) 753-7810 

FAX: (813) 888-7816 

(319) 373-0152 

FAX: (714) 753-7818 


— FAX: (319)373-0217 


Georgia 


ProMerge Sales, Inc. 

1737 N. First Street #510 

Group 2000 Sales, Inc. 

Kansas 

San Jose, CA 95112 

5390 Peachtree Industrial Blvd. 

Centech, Inc. 

(408) 543-5544 

Ste. 21 OB 

10312 East 63rd Terrace 

FAX: (408) 453-9536 

Norcross, Georgia 30071 

Raytown, MO 64133 


(404) 729-1889 

(816) 358-8100 


FAX: (404) 729-1896 

FAX: (816) 358-8107 
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United States Manufacturers Representatives (Cent.) 


Kentucky 

Massachusetts 

Nebraska 

Luebbe Sales Company 

7260 Edington Drive 

Cincinnati, OH 45249 
(513) 530-0600 

FAX: (513) 530-0623 

Alpha-Omega Sales Corp 

325 Main Street 

North Reading, MA 01864 
(508) 664-1118 

FAX: (508) 664-3212 

CenTech, Inc. 

10312 East 63rd Terrace 

Raytown, MO 64133 
(816) 358-8100 

FAX: (816)358-8107 

24610 Detroit Road 

Westlake, OH 44145 
(216) 899-0071 

FAX: (216) 899-1072 

Mad River Station, Ste. 205-B 

2717 Miamisburg-Centerville Road 
Dayton, OH 45459-3704 

Michigan 

Nevada 

Luebbe Sales Company 

27280 Haggerty Road C-11 
Farmington Hills, Ml 48331 
(313) 489-8828 

FAX: (313) 489-8829 

ProMerge Sales, Inc. 

1737 N. First Street #510 

San Jose, CA 95112 
(408) 543-5544 

FAX: (408) 543-5020 

(513) 438-0490 

FAX: (513) 438-8760 

Minnesota 

New Hampshire 

. Comprehensive Technical Sales 
6525 City West Pkwy. 

Alpha-Omega Sales Corp 

325 Main Street 

Louisiana 

Southern States Mkting., Inc. 

1143 Rockingham, Ste. 106 
Richardson, TX 75080 

Eden Prairie, MN 55344 
(612) 941-7181 

FAX: (612) 941-4322 

North Reading, MA 01864 
(508)664-1118 

FAX: (508)664-3212 

(214) 238-7500 

FAX: (214) 231-7662 

400 East Anderson Lane 

Ste. 610 

Austin, TX 78752 
(512) 835-5822 

FAX: (512) 835-1404 

10700 Richmond, Ste. 243 

Houston, TX 77042 

Mississippi 

New Jersey 

Group 2000 Sales, Inc. 

5390 Peachtree Industrial Blvd. 

Ste. 21 OB 

Norcross, Georgia 30071 
(404) 729-1889 

FAX: (404) 729-1896 

Metro Logic Corp. 

271 Route 46 West 

Ste. D 202 

Fairfield, NJ 07006 
(201) 575-5585 

FAX: (201)575-8023 

Missouri 

~~ S-J Associates, Inc. 

_ 204 Plaza Office Center 

(713) 789-2426 

FAX: (713) 789-3202 

CenTech, Inc. 

10312 East 63rd Terrace 

Raytown. MO 64133 
(816) 358-8100 

Mt. Laurel, NJ 08054 
(609) 866-1234 

FAX: (609) 866-8627 

Maine 

Alpha-Omega Sales Corp 

325 Main Street 

North Reading, MA 01864 

FAX: (816)358-8107 

New Mexico 

Montana 

~ SMS Associates 
— 7819 E. Greenway Rd., Ste. 5 

(508) 664-1118 

FAX: (508) 664-3212 

Wescom Marketing 

4891 Independence St. 

Ste. 235 

Wheat Ridge, CO 80033 

Scottsdale, AZ 85260 
(602) 998-0831 

FAX: (602) 998-2045 

Maryland 

Arbotek Associates 

1404 E. Joppa Road 

Towson, MD 21204 
(301) 825-0775 

FAX: (301)337-2781 

(303) 422-8957 

FAX: (303) 422-9892 

New York 

Gen-Tech Electronics 

4855 Executive Drive 

Liverpool, NY 13088 
(317) 451-3480 

FAX: (317) 451-0988 
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United States Manufacturers Representatives (Cent.) 


New York (Cont.) 

Metro Logic Corp. 

271 Route 46 West 
Ste. D 202 
Fairfield, NJ 07006 
(201) 575-5585 
FAX: (201) 575-8023 


North Carolina 


Group 2000 Sales, Inc. 

109C Jefferson Street 
Huntsville, Alabama 35801 
(205) 536-2000 
FAX: (205) 533-5525 

5390 Peachtree Industrial Blvd. 
Ste. 21 OB 

Norcross, Georgia 30071 
(404)729-1889 
FAX: (404) 729-1896 


North Dakota 


Comprehensive Technical Sales 
6525 City West Pkwy. 

Eden Prairie, MN 55344 
(612) 941-7181 
FAX: (612) 941-4322 


Ohio 


Luebbe Sales Company 
7260 Edington Drive 
Cincinnati, Oh 45249 
(513) 530-0600 
FAX: (513) 530-0623 

Mad River Sta., Ste. 205-B 
2717 Miamisburg-Centerville Road 
Dayton. OH 45459-3704 
(513) 438-0490 

24610 Detroit Road 
Westlake, OH 44145 
(216) 899-0071 
FAX: (216) 899-1072 


Oklahoma 


Southern States Mkting., Inc. 
1143 Rockingham, Ste. 106 
Richardson, TX 75080 
(214) 238-7500 
FAX: (214) 231-7662 


Oklahoma (Cont.) 

400 East Anderson Lane 
Ste. 610 

Austin, TX 78752 
(512) 835-5822 
FAX: (512) 835-1404 

10700 Richmond, Ste. 243 
Houston, TX 77042 
(713) 789-2426 
FAX: (713) 789-3202 


Oregon 


Advanced Technical Marketing 
4900 S.W. Griffith Drive, #105 
Beaverton, OR 97005 
(503) 643-8307 
FAX: (503) 643-4364 


Pennsylvania 


Luebbe Sales Company 
9800 McKnIght Rd.. Ste. 200-B 
Pittsburgh, PA 15237 
(412) 364-0490 
FAX: (412) 364-4290 

S-J Associates, Inc. 

204 Plaza Office Center 
Mt. Laurel, NJ 08054 
(609) 866-1234 
FAX: (609) 866-8627 


Rhode Island 


Alpha-Omega Sales Corp. 
325 Main Street 
North Reading, MA 01864 
(508) 664-1118 
FAX: (508) 664-3212 


South Carolina 


Group 2000 Sales, Inc. 
109C Jefferson Street 
Huntsville, AL 35801 
(205) 536-2000 
FAX: (205) 533-5525 


South Dakota 


Comprehensive Technical Sales 
6525 City West Parkway 
Eden Prairie, MN 55344 
(612) 941-7181 
FAX: (612) 941-4322 


Tennessee 


Group 2000 Sales, Inc. 
109C Jefferson Street 
Huntsville, AL 35801 
(205) 536-2000 
FAX: (205) 533-5525 


Texas 


Southern States Mkting., Inc. 
1143 Rockingham, Ste. 106 
Richardson, TX 75080 
(214) 238-7500 
FAX: (214) 231-7662 

400 East Anderson Lane 
Ste. 610 

Austin, TX 78752 
(512) 835-5822 
FAX: (512) 835-1404 

10700 Richmond, Ste. 243 
Houston, TX 77042 
(713) 789-2426 
FAX: (713) 789-3202 


Utah 


Wescom Marketing 
3500 S. Main Street 
Salt Lake City, UT 94115 
(801) 269-0419 
FAX: (303) 422-9892 


Vermont 


Alpha-Omega Sales Corp. 
325 Main Street 
North Reading, MA 01864 
(508) 664-1118 
FAX: (508) 664-3212 
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United States Manufacturers Representatives (Cent.) 


Virginia 

Arbotek Associates, Inc. 
1404 E. Joppa Road 
Towson, MD 21204 
(301) 825-0775 
FAX: (301) 337-2781 


Washington 

Advanced Technical Marketing 
8521 154th Avenue N.E. 
Redmond, WA 98052 
(206) 869-7636 
FAX: (206) 869-9841 


Washington, DC 

Arbotek Associates 
1404 E. Joppa Road 
Towson, MD 21204 
(301) 825-0775 
FAX: (301)337-2781 


West Virginia 

Luebbe Sales Company 
9800 McKnight Road 
Ste. 200-B 

Pittsburgh, PA 15237 
(412) 364-0490 
FAX: (412) 364-4290 


Wisconsin 


Comprehensive Technical Sales 
6525 City West Parkway 
Eden Prairie, MN 55344 
(612) 941-7181 
FAX: (612) 941-4322 

Dolin Sales Co. 

250 W. Coventry Ct. 

Glendale, Wl 53217 
( 414 ) 482-1111 
FAX: (414) 351-4142 


Wyoming 


Wescom Marketing 
4891 Independence Street 
Ste. 235 

Wheat Ridge, CO 80033 
(303) 422-8957 
FAX: (303) 422-9892 
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Canadian Manufacturers Representatives 


British Columbia 


Weiss Company 

4381 Fraser Street, #202 

Vancouver, British Columbia, 

CN V5V 4G4 

(604) 873-1112 

FAX: (604) 873-1120 


Manitoba 


Weiss Company 
P.O. Box 225, Station “L” 
Winnepeg, Manitoba 
CN R3H 0Z5 
(204) 772-3665 
FAX: (204) 774-1814 


Ontario 


Weiss Company 
7270 Torbram Road, #5 
Mississauga, Ontario 
CN L4T 3Y7 
(416) 673-0011 
FAX: (416) 673-1270 

Weiss Company 

P.O. Box 1235, Station “H” 

Nepean, Ontario 

CN K2J 1Z9 

(613) 692-0617 

FAX: (613) 692-4081 


Quebec 


Weiss Company 
2044 St. Regis Blvd. 
Dorval, Quebec 
CN H9P1H6 
(514) 685-6644 
FAX: (514) 685-6950 
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Canadian Distributors 


Alberta 


Quebec 


Future Electronics, Inc. 
3833-29th Street NE 
Calgary, Alberta 
CN T1Y6B5 
(403) 250-5550 
FAX: (403)291-7054 

4606-97th Street 
Edmonton, Alberta 
CN T6E 5N9 
(403) 438-2858 
FAX: (403) 434-0812 


Future Electronics, Inc. 

1000 Ave St. Jean Baptist, 

Suite 100 

Quebec 

CN G2E 5G5 

(418) 877-6666 

FAX: (418)877-6671 

237 Hymus Blvd. 

Pointe Claire, Quebec 
CN H9R 5P9 
(514) 694-7710 
FAX: (514)694-3707 

Marshall Industries, Inc. 
148 Brunswick Blvd. 

Pointe Claire, Quebec 
CN H9R 5P9 
(514) 694-8142 
FAX: (514)694-6989 


British Columbia 


Future Electronics, Inc. 
1695 Boundary Road 
Vancouver, BC 
CN V5K 4X7 
(604) 294-1166 
FAX: (604)294-1206 


Manitoba 


Future Electronics, Inc. 
106 King Edward 
Winnipeg, Manitoba 
CN R3H 0N8 
(204) 786-7711 
FAX: (204) 783-8133 


Ontario 


Future Electronics, Inc. 

1050 Baxter Road 
Ottawa, Ontario 
CN K2C 3P2 
(613) 820-8313 
FAX: (613) 820-3271 

5935 Airport Road, Suite 200 
Mississuaga, Ontario 
CN L4V 1W5 
(416) 612-9200 
FAX: (416) 612-9185 

Marshall Industries, Inc. 

4 Paget Road, Units 10 & 11 
Building 1112 
Brampton, Ontario 
CN L6T 5G3 
(416) 458-8046 
FAX: (416)458-1613 
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United States Distributors 


California (Cont.) 


California (Cont.) 


Alabama 


Future Electronics, Inc. 

237 Hymus Blvd. 

Huntsville, AL 35805 
(205)830-2322 
Fax: (205)830-6664 

Marshall Industries, Inc. 
3313 Memorial Pkwy South 
Huntsville, AL 35801 
(205)881-9235 
Fax: (205)881-1490 


Arizona 


Future Electronics, Inc. 
4636 E. University Dr. 
Suite 245 

Phoenix, AZ 85034 
(602)968-7140 
Fax: (602)968-0334 

Marshall Industries, Inc. 
9830 S. 51st St. 
Phoenix, AZ 85044 
(602)496-0290 
Fax: (602)893-9029 


California 


All American Semiconductor 
2360 Qume Dr., Suite C 
San Jose, CA 95131 
(408)943-1200 
(800)222-6001 
Fax: (408)943-1393 

All American Semiconductor 
369 Van Ness Way 
Suite 701 

Torrance, CA 90501 
(310)320-0240 
(800)669-8300 
Fax: (310)320-7207 

All American Semiconductor 
5060 Shoreham Place 
Suite 200 

San Diego, CA 92122 
(619)458-5850 
Fax: (619)458-5866 


All American Semiconductor 
17220 New Hope St. 

Suite 211 

Fountain Valley, CA 92708 
(714)435-0115 

Elmo Semiconductor Corp. 
7590 N. Glen Oaks Blvd. 
Burbank, CA 91504 
(818)768-7400 
Fax: (818)767-7038 

Future Electronics, Inc. 

2220 O'Toole Ave. 

San Jose, CA 95131 
(408)434-1122 
Fax: (408)344-0822 

Future Electronics, Inc. 

9301 Oakdale Ave. 

Suite 210 

Chatsworth, CA 91311 
(818)772-6240 
Fax: (818)772-6247 

Future Electronics, Inc. 
16925 Browning Ave. 

Irvine, CA 92714 
(714)250-4141 
Fax: (714)250-4185 

Future Electronics, Inc. 

3940 Ruffin Rd., Unit E 
San Diego, CA 92123 
(619)278-5020 
Fax: (619)756-8546 

Marshall Industries, Inc. 

9320 Telstar Ave. 

El Monte, CA 91731-3004 

(1-800)522-0084 

Fax: (818)307-6297 

Marshall Industries, Inc. 
26637 Agoura Rd. 
Calabasas, CA 91302-1959 
(818)880-7000 
Fax: (818)880-6846 

Marshall Industries, Inc. 

One Morgan 
Irvine, CA 92718 
(714)458-5301 
Fax: (714)581-5255 


Marshall Industries, Inc. 

10105 Carroll Canyon Rd. 

San Diego, CA 92131 
(619)578-9600 
Fax: (619)586-0469 

Marshall Industries, Inc. 

3039 Kilgore Ave., #140 
Rancho Cordova, CA 95670 
(916)635-9700 
Fax: (916)635-6044 

Marshall Industries, Inc. 

336 Los Coches St. 

Milpitas, CA 95035 
(408)942-4600 
Fax: (408)262-1224 

Zeus Components, Inc. 

5236 Colodny Dr. 

Agoura Hills, CA 91301 
(818)889-3838 
Fax: (818)889-2464 

Zeus Components, Inc. 

6276 San Ignacio Ave., Suite E 
San Jose , CA 95119 
(408)629-4789 
Fax: (408)629-4792 

Zeus Components, Inc. 

22700 Savl Ranch Pkwy 
Yorba Linda, CA 92686 
(714)921-9000 
Fax: (714)921-2715 


Colorado 


Future Electronics, Inc. 
9030 Yukon St., Suite 2700 
Broomfield, CO 80021 
(303)421-0123 
Fax: (303)421-7696 

Integrated Electronics Corp. 
5750 N. Logan St. 

Denver, CO 80216 
(303)292-6121 
Fax: (303)297-2053 

Marshall Industries, Inc. 
12351 N. Grant 
Thornton, CO 80241 
(303)451-8383 
Fax: (303)457-2899 
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United States Distributors 


Connecticut 


Florida (Cont.) 


Illinois (Cont.) 


Future Electronics, Inc. 

24 Stony Hill Rd. 

Bethel. CT 06801 
(203)743-9594 
Fax: (203)798-9745 

Marshall Industries, Inc. 

20 Sterling Dr. 

Barnes Indl. Park North 
P.O. Box 200 

Wallingford, CT 06492-0200 

(203)265-3822 

Fax (203)284-9285 


Florida 


All American Semiconductor 
16251 NW54th Ave. 

Miami, FL 33014 
(305)621-8282 
(800)829-8282 
Fax: (305)620-7831 

All American Semiconductor 
5009 Hiatus Rd. 

Sunrise, FL 33351 
(305)572-7999 
(800)222-6001 
Fax: (305)749-9229 

Chip Supply 

7725 N. Orange Blossom Trail 
Orlando, FL 32810 
(407)298-7100 
Fax: (407)290-0164 

Future Electronics, Inc. 

650 Northlake Blvd. 

Suite 520 

Altamonte Springs, FL 32701 

(407)767-8414 

Fax: (407)767-0645 

Future Electronics, Inc. 

2200 Tall Pines Dr., Suite 108 
Largo, FL 34641 
(813)530-1222 
Fax: (813)538-9598 

Marshall Industries, Inc. 

380 S. Northlake Blvd. 

Suite 1024 

Altamonte Springs, FL 32701 

(407)767-8585 

Fax: (305)767-8585 


Marshall Industries, Inc. 

2700 W. Cypress Creek Rd. 
Suite D114 

Ft. Lauderdale. FL 33309 

(305)977-4880 

Fax: (305)977-4887 

Marshall Industries, Inc. 

2840 Scherer Dr., Suite 410 
St. Petersburg, FL 33716 
(813)573-1399 
Fax: (305)767-8676 

Nu-Horizons 
3421 NW 55th St. 

Fort Lauderdale, FL 33309 

(305)735-2555 

Fax: (305)735-2880 

Zeus Components, Inc. 

285 Central Pkwy 
Suite 1730 

Altamonte Springs, FL 32714 

(407)365-3000 

Fax: (407)365-2356 


Georgia 

Future Electronics, Inc. 
3000 North woods Pkwy 
Suite 295 

Norcross, GA 30071 
(404)441-7676 
Fax: (404)441-7580 

Nu-Horizons 
555 Oakbrook Pkwy 
Suite 340 

Norcross, GA 30093 
(404)416-8666 
Fax: (404)416-9060 


Illinois 


Advent Electronics Inc. 
7110-16 N. Lyndon St. 
Rosemont, IL 60018 
(708)298-4210 
Fax: (708)297-6650 

Future Electronics, Inc. 
1000 E. State Pkwy Unit B 
Schaumburg, IL60173 
(708)882-1255 
Fax: (708)490-9290 


Marshall Industries, Inc. 

50 E. Commerce Dr., Unit 1 
Schaumburg, IL60173 
(708)490-0155 
Fax: (312)490-0569 


Indiana 


Advent Electronics Inc. 
8446 Moller Rd. 
Indianapolis, IN 46268 
(317)872-4910 
Fax: (317)872-9987 

Marshall Industries, Inc. 
6990 Corporate Dr. 
Indianapolis, IN 46278 
(317)297-0483 
Fax: (317)297-2787 


Iowa 


Advent Electronics Inc. 
682-58th Ave. Court SW 
Cedar Rapids, lA 52404 
(319)363-0221 
Fax: (319)363-4514 


Kansas 


Marshall Industries, Inc. 
10413 W. 84th Terrace 
Pine Ridge Business Park 
Lenexa. KS 66214 
(913)492-3121 
Fax: (913)492-6205 


Maryland 

All American Semiconductor 
14636 Rothgelo Dr. 
Rockville, MD 20850 
(301)251-1205 
(800)426-0420 
Fax: (301)251-8574 

Future Electronics, Inc. 

6760 Alexander Bell Dr. 
Suite 160 

Columbia, MD 21046 
(301)290-0600 
Fax: (301)290-0328 
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United States Distributors 


Massachusetts (Cent.) 

Zeus Components, Inc. 

11 Lakeside Office 
PK-607 North Ave. 
Wakefield, MA 01880 
(617)863-8800 
Fax: (617)863-8807 


Michigan 


Maryland (Cont.) 

Marshall Industries, Inc. 

2221 Broadbirch Dr. 

Silver Spring, MD 20904 

(301)622-1118 

Fax: (301)622-0451 

Nu-Horizons 

8975 Guilford Rd., Suite 120 
Columbia, MD 21046 
(301)995-6330 
Fax: (301)995-6332 

Zeus Components, Inc. 
8930-A Route 108 
Columbia, MD 21045 
(301)997-1118 
Fax: (301)964-9784 


Massachusetts 


All American Semiconductor 
107 Audubon Rd., Suite 104 
Wakefield, MA 01880 
(617)246-2300 
(800)274-2834 
Fax: (617)246-2305 

Future Electronics, Inc. 

41 E. Main St. 

Bolton, MA01740 
(508)799-3000 
Fax: (508)779-3050 

Marshall Industries, Inc. 

33 Upton Dr. 

Wilmington, MA 01887 
(508)658-0810 
Fax: (617)658-7608 

North Star Electronics 
100 Research Dr. 
Wilmington, MA 01887 
(508)657-5155 
Fax: (508)657-6559 

Nu-Horizons 
19 Corporate PI. 

107 Audubon Rd., Bldg. 1 
Wakefield, MA 01880 
(617)246-4442 
Fax: (617)246-4462 


Advent Electronics Inc. 
24713 Crestview Court 
Farmington, Ml 48331 
(313)477-1650 
Fax: (313)477-2630 

Future Electronics, Inc. 
35200 Schoolcraft Rd. 
Suite 106 
Livonia, Ml 48150 
(313)261-5270 
Fax: (313)261-8175 

Marshall Industries, Inc. 
31067 Schoolcraft 
Livonia, Ml 48150 
(313)525-5850 
Fax: (313)525-5855 


All American Semiconductor 
11409 Valley View Rd. 

Eden Prairie, MN 55344 

(612)944-2151 

Fax: (612)944-9803 

Future Electronics, Inc. 
10025 Valley View Rd. 

Suite 196 

Eden Prairie, MN 55344 

(612)944-2200 

Fax: (612)944-2520 

Marshall Industries, Inc. 
3955 Annapolis Ln. 
Plymouth, MN 55447 
(612)559-2211 
Fax: (612)559-8321 


Missouri 


Future Electronics, Inc. 
12125 Woodcrest Exec Dr. 
Suite 220 

St. Louis, MO 63141 
(314)469-6805 
Fax: (314)469-7226 

Marshall Industries, Inc. 
3377 Hollenberg Dr. 
Bridgeton, MO 63044 
(314)291-4650 
Fax: (314)291-5391 


New Jersey 

Future Electronics, Inc. 

1259 Route 46 East 
Parsippany, NJ 07054 
(201)299-0400 
Fax: (201)299-1377 

Future Electronics, Inc. 

12 East Stowe Rd., Suite 200 
Marlton, NJ 08053 
(609)778-7600 
Fax: (609)778-4621 

Marshall Industries, Inc. 

158 Gaither Dr. 

Mt. Laurel, NJ 08054 
(609)234-9100 
Fax: (609)797-7031 

Marshall Industries, Inc. 

101 Fairfield Rd. 

Fairfield, NJ 07006 
(201)882-0320 
Fax: (201)882-0095 

Nu-Horizons 
39 U.S. Route 46 
Pine Brook, NJ 07058 
(201)882-8300 
Fax: (201)882-8398 

Nu-Horizons 
2002C G reentree 
Executive Campus 
Marlton, NJ 08053 
(609)596-1833 
Fax: (609)596-0612 


Minnesota 
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United States Distributors 


New York (Cont.) 


Ohio (Cont.) 


Zeus Components, Inc. 
2912 Springboro West 


New York 


All American Semiconductor 
711-2 Koehler Ave. 
Ronkonkoma, NY 11779 
(516)981-3935 
Fax: (516)981-3947 

Future Electronics, Inc. 

7453 Morgan Rd. 

Liverpool, NY 13090 
(315)451-2371 
Fax: (315)451-7258 

Future Electronics, Inc. 

333 Metro Park 
Rochester, NY 14623 
(716)272-1120 
Fax: (716)272-7182 

Future Electronics, Inc. 

801 Motor Pkwy 
Hauppauge, NY 11788 
(516)234-4000 
Fax: (516)234-6183 

Marshall Industries, Inc. 

129 Brown St. 

Johnson City, NY 13790 

(607)798-1611 

Fax: (607)797-7031 

Marshall Industries, Inc. 

1250 Scottsville Rd. 
Rochester, NY 14624 
(716)235-7620 
Fax: (716)235-0052 

Marshall Industries, Inc. 

275 Oser Ave. 

Hauppauge, NY 11788 
(516)273-2424 

Nu-Horizons 

6000 New Horizons Blvd. 
Amityville, NY 11701 
(516)226-6000 
Fax: (516)226-5886 

Nu-Horizons 
333 Metro Park 
Rochester, NY 14623 
(716)292-0777 
Fax: (716)292-0750 


Zeus Components, Inc. 
100 Midland Ave. 

Port Chester, NY 10573 

(914)937-7400 

Fax: (914)937-2553 

Zeus Components, Inc. 
2110 Smithtown Ave. 
Ronkonkoma, NY 11779 
(516)737-4500 
Fax: (516)737-4520 


Future Electronics, Inc. 
Smith Tower, Suite 328 
P.O. Box 600 
Condord, NC 28026 
(704)455-9030 
Fax: (704)455-9173 

Future Electronics, Inc. 
5225 Capital Blvd. 

1 N. Comm. Ctr. 
Raleigh, NC 27604 
(919)790-7111 
Fax: (919)790-9022 

Marshall Industries, Inc. 
5224 Greens Dairy Rd. 
Raleigh, NC 27604 
(919)878-8992 
Fax: (919)872-2431 


Future Electronics, Inc. 

6601 Fland Haven Dr. 
Mayfield, OH 44124 
(216)449-6996 
Fax: (216)449-8981 

Marshall Industries, Inc. 

3250 Park Center Dr. 

Dayton, OH 45414 
(513)989-4480 
Fax: (513)236-0780 

Marshall Industries, Inc. 
30700 Bainbridge Rd., Unit A 
Solon, OH 44139 
(216)248-1178 
Fax: (216)248-2312 


Suite 106 
Dayton, OH 45439 
(513)293-6162 
Fax: (513)293-1781 


Oregon 

Future Electronics, Inc. 

15236 N.W. Greenbriar Pkwy. 
Beaverton, OR 97006 
(503)645-9454 
Fax: (503)645-1559 

Marshall Industries, Inc. 

9705 S.W. Gemini Dr. 
Beaverton, OR 97005 
(503)646-8256 
Fax: (503)644-5050 


Pennsylvania 

Marshall Industries, Inc. 
401 Parkway View Dr. 
Pittsburgh, PA 15205 
(412)788-0441 
Fax: (412)963-7982 


Texas 


All American Semiconductor 
1819 Firman Dr. 

Suite 127 

Richardson, TX 75081 
(214)231-5300 
(800)541-1435 
Fax: (214)437-0353 

Future Electronics, Inc. 

1850 N. Greenville 
Suite 146 

Richardson, TX 75081 
(214)437-2437 
Fax: (214)669-2347 

Future Electronics, Inc. 
11271 Richmond Ave. 

Suite 106 

Houston, TX 77082 
(713)556-8696 
Fax: (713)589-7069 


North Carolina 


Ohio 
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United States Distributors 


Texas (Cont.) Washington (Cont.) 


Marshall Industries, Inc. 
2045 Chenault St. 

Carrollton, TX 75006 
(214)233-5200 
Fax: (214)770-0675 

Marshall Industries, Inc. 
10681 Haddington St. #160 
Houston, TX 77043 
(713)467-1666 
Fax: (713)467-9805 

Marshall Industries, Inc. 
8504 Cross Park Dr. 

Austin, TX 78754 
(512)837-1991 
Fax: (512)832-9810 

Zeus Components, Inc. 

1800 N. Greenville 
Suite 120 

Richardson, TX 75081 
(214)783-7010 
Fax: (214)234-4385 


Marshall Industries, Inc. 
11715 N. Creek Pkwy. South 
Suite 112 
Bothell, WA 98011 
(206)486-5747 
Fax: (206)486-6964 


Wisconsin 


Future Electronics, Inc. 

20875 Crossroads Circle 
Suite 200 

Waukesha, Wl 53186 
(414)786-1884 
Fax: (414)786-0744 

Marshall Industries 
Crossroads Corporate Center 1 
20900 Swenson Dr. 

Suite 150 

Waukesha, Wl 53186 
(414)797-8400 
Fax: (414)797-8270 


Utah 


Future Electronics, Inc. 

2250 S. Redwood Rd. 

Salt Lake City, UT 84119 

(801)972-8489 

Fax: (801)972-3602 

Integrated Electronics Corp. 
2117 South 3600 West 
Salt Lake City, UT 84119 
(801)977-9750 
Fax: (801)975-1207 

Marshall Industries, Inc. 
2355 S. 1070 W. Suite D 
Salt Lake City, UT 84115 
(801)973-2288 
Fax: (801)973-2296 


Washington 

Future Electronics, Inc. 
4038-148thAve., NE 
Redmond, WA 98052 
(206)881-8199 
Fax: (206)881-5232 
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Internationaf Representatives and Distributors 


Argentina 

Denmark 

Italy 

Tinko SA 

Prescom A/S 

Velco SRL 

Adolfo Aisina 1777 

Herlev Hovedgade 201B 

Contra S. Francesco 75 

1088 Buenos Aires 

DK-2730 Herlev 

1-361000 Vicenza 

Argentina 

(011)45 44 532244 

(011)39 444 922922 

(011)45-6563 

Fax: (011)45 44 532044 

Fax: (011)39 444 922338 

Fax: f011M9 6501/6726 

Noisfi A 

Finland 

Japan 


V. Cevallos 239 

OY Fintronic AB 

Tomen Electonics Corp. 

1077 Buenos Aires 

Heikkillantie 2A 

1-1, Uchisaiwai-Cho 2-Chome 

Argentina 

SF-02100 Helsinki 

Chiyoda-Ku, Tokyo 100 Japan 

(011)541-46776 

(011)0 358 692 6022 

(011)81 3 506-3477 

Fax: (011)541-3258498/99 

Fax: (011)0 358682 1251 

Fax: (011)81 3 506-3497 

Australia 

~ Mespek OY 

U.S.A. Branch 

R&D Electronics 

- Soidintic 14 

SF-00700 Helsinki 

1333 Lawrence Expressway 

Suite 266 

4 Florence Street 

(011)0 358 351 1800 

Santa Clara, CA 95051 

P.O. Box 206 

Fax: (011)0 358 345 3384 

(408)248-2520 

Burwood, Victoria 


Fax: (408)248-2960 

Australia 3125 

France 


(011)61-3-808-8911 

Tekelec Airtronic SA 

- Tomen Electronics Corp. 

Kawaramachi 2-64, 

Fax: (011)61-3-808-9168 

Cite des Bruyeres 

Higashi-ku 


_ Rue Carle Vernet 

Osaka 541, Japan 

Austria 

F-92310 Sevres 

(011)81 6 208-3636 


- (011)145 347535 

Fax: (011)81 6 208-3640 

Ing. E. Steiner 

Fax: (011)145 072191 

HIrel Company, Ltd. 

Hummelgasse 14 

A-1130 Wien 

Scientech-Rea 

K S Bldg 2 F 

(011)43 222 827474-0 

79-81, Rue Pierre Semard 

2-4-1 Sadohara-cho, Ichigaya 

Fax: (011)43 222 8285617 

F-92320 Chatlllon-Sous-Bagneux 

Shinjuku-ku, Tokyo 162 


_ (011)149 652750 

(011)3 260 8401 

Belgium 

Fax: (011)149 652769 

Fax: (011)3 260-8412 

Velleman NV Components 

Mono Kona 

Korea 

1 nrti 07 

II IV.JC401I iWiWi 1 WII 1 

B-9740 Gavere 

Component Agent Ltd. 

Vine Overseas Trading Corp. 

(011)32 91 84 6714 

36/F Metroplaza, Tower 1 

Rm 305/306 

Fax: (011) 32 91 846703 

Hing Fong Road 

Korea Electric Assoc. Bldg. 


_ Kwai Chung 

11-4, Supyo-Dong, Jung-Ku 

Brazil 

(011)852-487 8826 

Seoul 

Hitech Commercial Indl. Ltd. 

- Fax: (011 )852 487 1268 

Korea 

(011)82 2 266 1663 

(Division of Cosele) 

India 

Fax: (011)82 2 272 7807 

Av, E ng. Luiz Carlos Berrini - 

801-Conjunto 111/121 

Zenith Technologies 


Brooklln 

A-3, Annexe, A-2 Indl. Est. 


(011)55 535 9566 

G.K. Marg, Lower Parcel 



Bombay 400013, India 
(011)91-22-494-7457 
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International Representatives and Distributors 


Malaysia Singapore Sweden 


NIE Electronics (M) Sdn Bhd 
1004/1005, Resource 
Complex 33 
Jalan Segambut Atas 
51200 Kuala Lumpur 
Malaysia 

(011)60-3-621-2122 
Fax: (011)60-3-621-1789 


New Zealand 


R&D Electronics 
4 Florence Street 
P.O. Box 206 
Burwood, Victoria 
Australia 3125 
(011)61-3-808-8911 
Fax: (011)61-3-808-9168 


North Germany 

Adelco Elektronik GmbH 
Boxholmstrasse 5 
2085 Quickborn bei Hamburg 
Germany 

(011)49 4106 2024 
Fax: (01149 4106 3852 

Weisbauer Elektronik GmbH 
Heiliger Weg 1 
4600 Dortmund 1 
(011)49 231 579547 
Fax: (011)49 231 577514 


Norway 

Hefro Elektronikk a.s. 
Haavard Martinsens vei 19 
N-0915Oslo9 
(011)2 10 73 00 
(011)2 10 65 46 


Portugal 

Componenta 

Components Electronicos, Lda 
Rua Luis Camoes, 128 
P-1399 Lisboa 
(011)351 1362 12 83/84 


NIE Electronics (S) PTE Ltd. 

Block 5022 #03-41 

Ang Mo Kio 

Industrial Park 2 

Singapore 2056 

(011)483-3133 

Fax: (011)483-4288 


Agatronics Comp. (PTY) Ltd. 
P.O. Box 1518 
RSA 2125 Randburg 
(011)27 789 1065/75 
Fax: (01127 787 0319 

Communica (PTY) Ltd. 

364 Pretorius St. 

RSA 0001 Pretoria 
(011)12-3227613/21 
Fax: (011)12-3223721 


Semitron W. Rock GmbH 
Im Gut 1 

7897 Kussaberg 6 
(011)49 7742 80010 
Fax: (011)49 7742 6901 

Neumuller GmbH 
Eschenstrassee 2 
8028 Taufkirchen/Munchen 
(011)49 89 612080 
Fax: (011)49 89 61208248 

CED Ditronic GmbH 
Julius-Holder-Strasse 42 
7000 Stuttgart 70 
(011)49 711 720010 
Fax: (011)49 711 7289780 


Bexab Technology AB 
Kemistvagen 10 
S-18325 Taby 
(011)46 8 732 8980 
Fax: (011)46 8 732 7058 


Switzerland 


Ena AG 

CH-8917 Oberlunkhofen 
(011)41 57 342834 
Fax: (011)41 57 341443 

Omni Ray AG 
Industriestrasse 31 
CH-8305 Dietlikon 
(011)41 1 8352111 
Fax: (011)41 1 8335081 


Taiwan 


Timkuo Taiwan Ltd. 

8F-2, 157 Fu Hsing South Rd. 

Sec. 2 Taipei 

Taiwan 

(011)886-2-514 9000 
Fax: (011)886-2-709 2247 

Helm Engineering & Trading 
4F-76, Tua Hua South Road 
Sec. 2 Taipei 
Taiwan 

(011)886-2-709 1888 
Fax: (011)886-2-706 0465 


Turkey 

Empa 

Elektronik Mamulleri 
Pazarlama A.S. 

Florya Is Merkezi 
Londra Asfaltl, 5 Yol 
TR-34630 Sefakoy-Istanbul 
(011)90 15806767 
Fax: (011)90 1598 5353 


Spain 
Amitron SA 

Avda. de Valladolid, 47D 
E-28008 Madrid 
(011)34 1 542 0906 
Fax: (01134 1 248 7958 


South Africa 


South Germany 
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International Representatives and Distributors 


United Kingdom 

Future Electronics Ltd. 
Petersfeld Avenue 
Slough, Berks SL2 SEA 
(011)44 75321193 
Fax: (011)44 75377661 

Hunter Electronic Components 
Unit 3 Central Estate 
Denmark St. 

Maidenhead, Berks, SL67BN 
(011)44 628 75911 
Fax: (011)44 628 75611 

Phoenix Electronics 
Phoenix House 
Bothwell Road 
Castlehill 
Carluke 

Strathclyde ML8 5UF 
Scotland 

(011)44 55551566 
Fax: (011)44 55551562 

Trident Microsystems Ltd. 

55, Ormside Way 
Holmethorpe Indl. Estate 
Redhill, Surrey RH1 2LS 
(011)44 737765900 
Fax: (011)44 737771908 


Mexican Distributors 


CD Juarez 

Dicopel. S.A. DE C.V. 
Francisco Pimentel 98 
Col. San Rafael 
06470 Mexico, D.F. 
(011)52 5 703 07 42 
Fax: (011)52 5 703 17 72 

Presa Tintero 3013 
Col. Lomas Del Santuario 
31280 Chihuahua, Chih 
(011)52 14 11-27-07 
Fax: (011)52 14 11-27-67 


Guadalajara 

Av. Federalismo 268, 20 Piso 

Sector Juarex 

44100 Guadalajara, Jal 

(011)52 36 26-12-32 

Fax: (011)52 36 26-39-66 


Merida 


Av. Aviacion 602-A 
(Al Lado De La Dina) 
97000 Merida, YUC 
(011)52 14 11-27-07 
Fax: (011)52 99 28-05-74 


Monterey 

Eugenio Garza Sada 3367-DESP.207 

Col. Altavista 

64810 Monterrey, N.L. 

(011)52 83 59-63-70 
Fax: (011)52 83 59-63-70 


Tijuana 


Alejandro Humbolt 17502-105 
Fraco, Garita De Otay 
22300 Tijuana, B.C. 

(011)52 66 23-78-93 
Fax: (011)52 66 23-78-94 
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